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B. 1*. I.-388. 

THE RELATION OF NICOTINE TO THE 
QUALITY OF TOBACCO. 

By WiGHTMAN W. Gabneh, Scimtific Aiisistaniy Tohacco Lirestigatwm. 


VARIATION IN THE NICOTINE CONTENT OF TOBACCO. 

Nicotine has long been recognized ns the characteristic alkaloid of 
tobacco, but its function in the econoray of the plant is not under- 
stood. It is present in the plant in tlie earliest stages of growth and 
is found alike in the roots, stalks, steins, and leaves. As the develop- 
ment and growth of the plant proceed the percentage of nicotine con- 
tained in the leaf constantly increases, reaching its maxi mum at 
maturity. On the other hand, as is well known, the maximum con- 
tent of protein nitrogen is found in the young green leaves wdiicli are 
growing rapidly. These facts seem to indicate that nicotine does not 
enter into the synthesis of the albuminoids from simpler forms of 
nitrogen, but rather that it is derived from katabolic clianges in the 
albuminoid constituents, and thus continues to accumulate in the 
tissues so long as these are vitally active. 

The amount of nicotine contained in tobacco from different sources 
is .subject to very wide variations, some samples containing less than 
1 per cent, while others contain more than 5 per cent. The produc- 
tion of this alkaloid in the plant is influenced by a large number of 
fnetors, the relative importance of which has not been determined. 
No reliable conclusions can be drawn from a study of the nicotine con- 
tent of tobaccos grown in different parts of the world for the reason 
that we are always dealing with a complex group of factors and tlie 
effect of any single factor can be determined only ijy experiments so 
planned and conducted as to exclude, or at least to control, the effects 
ef all others. In a very general way, however, it can lie said that 
very rich heavy soils and excessive quantities of nitrogenous fertil- 
izers, which tend to produce a coarse, rank growth, produce a high 
percentage of nicotine. This relation is but a rough one and ap- 
plicable only to sharply contrasted differences in soils and fertilizers. 
Hie investigation of this subject carried on by the writer, though as 
yet* incomplete, points unmistakably to the fact that in the case of any 
given variety of tobacco grown in a particular locality — that is, under 
J*p|)roxiinately the same environment — the percentage of nicotine in 
^liffer^nt strains is roughly proportional to the albuminoid nitrogen; 
when markedly different varieties grown in different localities 
compared, this relation does not hold. 
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From what has been said concerning the production of nicotino 
and its functions in the economy of the plant it might be inferred that 
the amount formed is controlled by external conditions of environ- 
ment and not by heredity, but our experimerlts along this line with 
several varieties and strains, as well as with hybrids, have shown con- 
clusively that there is a well-defined varietal influence distinct from 
external conditions, such as soil, fertilizers, temperature, moisture, 
and sunlight. As has been stated in a previous publication of this 
Department, « there is every reason to believe that by systematie 
breeding it is practicable to procure strains of the important types 
of tobacco characterized by a high or a low nicotine content, provided 
the external conditions with reference to soils, fertilizers, and cul- 
tural methods are properly controlled. Extensive experiments with 
this object in view are now well under way. This work includes not 
only a systematic study as regards their nicotine content of largo 
numbers of seh'ctions from different types, but also experiments jii- 
tended to determine the relative influence on the production of nico- 
tine of the various factors which go to make up the environment m 
wliich the plant grows. To these should be added the effects of top- 
ping and suckering, practices which are now almost universal. 

It has already been stated that the maximum content of nicotine 
in the case of tl^e leaf of the tobacco plant is attained just as the leaf 
reaches maturity. After this period the leaf begins to lose a part of 
its nicotine wdietber the plant is allowed to remain in the field or is 
harvested. Every tobacco grower is familiar with the sharp, pun- 
gent odor so noticeable in the curing shed and in the fermentation 
room, and this odor is due primarily to the nicotine which is eseapiug 
from the tobacco. From the time the tobacco is hung in the curing 
shed it continues to lose nicotine throughout the curing, fermentation, 
and aging processes. The writer has found that well fermented sam- 
ples of cigar tobacco are still slowly losing their nicotine after Ixung 
kept in tightly stoppered bottles for more than two years. The caii^' 
of this continued loss of nicotine will be discussed later. 

RELATION OF TOTAL NICOTINE CONTENT TO THE QUALITY OF 
TOBACCO. 

Although nicotine is the active principle of tobacco its prodiuHioii 
in large quantities is not desirable. On the contrary, the finest griule- 
of tobacco contain only moderate ,( and even relatively small) amount^' 
of this principle. It has long been recognized that the aroma i > 
governed by the amount of nicotine in the leaf, but some iincsti' 
gators have suggested that this important quality is due to its diH onv 

« Bureau of Plant Industry Bulletin No. 102, Part VII. “A New Metli^nl tot 
tile Determination of Nicotine in Tobacco.” 1907. 
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position products formed during the fermentation process. No 
direct evidence has been furnished in support of this view, and sev- 
eral facts point to the contrary. But even if this view be correct’ it 
does not follow that a high nicotine content is desirable, for in the 
ilia tier of aroma we have to do with quality rather than with 
quantity. 

As regards the so-called “ strength ” of tobacco, the case is some- 
diat different. This term is frequently used to designate the degree of 
physiological reaction of the system to the use of the tobacco in qucs- 
tiun, and when thus restricted the “ strength ” of a sample of tobacco 
depends on the amount of nicotine present. But this term is also fre- 
quently applied to the more direct effect of the tobacco or its smoke 
on the mucous membrane of the throat and nose. For example, wlicn 
11 high-grade Havana cigar is smoked it proves extremely satisfying 
to the smoker and produces a marked physiological reaction, while 
the smoke exerts only a remarkably bland effect on the mucous mem- 
brane. On the other hand, some of our domestic cigar-filler tobaccos 
when smoked are not only less satisfying in their narcotic effects, but 
the smoke has a marked pungency and is irritating and biting to the 
nose and throat. These tobaccos are almost invariably classed as 
strong as compared with the Havana, whereas they actually contain 
less nicotine than the latter. Of course, these same differences may 
also be noted in different samples of the variotis domestic types. 
A long series of comparative tests conducted by the Bureau of Plant 
Industry has failed to establish any direct relation between the nico- 
tine content and the strength of the various samples of domestic filler 
tobaccos as judged and classified by a number of habitual smokers. 

In any event it seems best to consider tlie term “ strength ” as a 
Mmposite one, made up essentially of two factors. The true physio- 
logical action which constitutes the satisfying effects to the consumer 
’0 strikingly exemplified in the Havana tobacco is commonly spoken 
as “ fullness ” of the smoke, while the relative freedom from the 
pungent, biting quality is designated by the term “smoothness,” 
fhus, the Havana cigar tobaccos owe their great popularity among 
discriminating* smokers largely to the marked fullness and smoothness 
ff the smoke, while nearly all of our domestic filler tobaccos possessing 
sufficient fullness are characterized by a more or less well-defined 
roughness or harshness. Fullness and smoothness are generally, but 
necessarily, opposed qualities of tobacco smoke. 

BlfFEBENT FOEMS OF NICOTINE IN TOBACCO. 

If has often been found in attempts to grow cigar-filler tobaccos 
this country from Cuban seed and under conditions of soil and 
-fiinate resembling those of Cuba that although of excellent quality 

141-.I 
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in other respects the smoke possesses the peculiar pungency or hursli- 
ness just mentioned. This defect is partially and sometimes efficiently 
refnedied by resweating, followed by a long aging process. In some 
cases this resort fails and it is necessary to blend 'the tobacco with some 
very mild type before it can be used to advantage in the manufacture 
of cigars. This sharp, biting quality has often been attributed to tlic 
presence of an ethereal oil, but such a substance has never been isolated 
from cured tobacco. 

In the course of our experiments with a sample of domestic filler 
tobacco possessing the above-mentioned objectionable character to a 
marked degree, it was found that this quality was entirely lost after 
the tobacco had been extracted with petroleum ether. After evap- 
orating off the petroleum ether from the extract the residue upon 
warming gave off fumes which were extremely pungent and irrita- 
ting to the nose and throat. Upon examination those fumes were 
found to consist essentially of nicotine vapors. The nicotine is 
readily isolated from the extract by agitating the solution in petro- 
leum ether witli water containing sulphuric acid. The aqueous layer 
containing the nicotine is well washed with petroleum ether and 
after adding an excess of alkali to free the nicotine from the sulphuric 
acid is once more extracted with petroleum ether of very low boilinjif 
point or with ordinary ethyl ether. After evaporation of the ether 
from^ Uiis extract the nicotine is left as a residue in almost pure 
condition. This residue retains all the pungency of the original ex- 
trad, v\hile the latter after removal of the nicotine no longer pos- 
sesses this property. 

A large sample of nicotine was purified by converting it into tlie 
citrate in aqueous solution and repeatedly extracting' this solution 
with ether. The nicotine was then liberated with an excess of alkali, 
extracted from the aqueous layer with ether, and the ether solution 
dried. After evaporating the ether the nicotine was twice distilled 
in a current of hydrogen. The odor of this product was identical 
with that obtained by extracting the tobacco with petroleum ether, 
as already described. Although the peculiar sharpness or pungency 
of the smoke from tobacco of the kind in question is removed by ex- 
tracting the tobacco with petroleum ether, and this quality is due to 
nicotine, all of the nicotine is not by any means removed in this treat- 
ment. 

Kissling has studied the relative amounts of nicotine salts removed 
.from samples of tobacco from several different sources by extraction 
with petroleum ether, with ordinary ether, and with alcohol. A cer- 
tain definite portion of the nicotine, usually much less than half, 
readily removed by extinction with petroleum ether, while fiiriucr 
treatment with this solvent removes only traces of the remaiiun.a 
nicotine. It is perfectly clear, then, that nicotine is present ia 
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i()!)sicco in at least two forms, one of which is soluble in petroleum 
ether while the other is practically insoluble. 

Tobacco normally contains relatively large quantities of malic 
iirul citric acids, from 5 to 10 per cent, a portion of which is in 
combination with potash or lime and is of gi’eat importance in con- 
nection with the burning qualities of the leaf. Of these acids the 
portion above that required for combining with the lime and potash 
is doubtless largely combined with nicotine. 

Xicotine, though quite volatile in the free state, is strongly basic 
and forms comparatively stable salts with acids which are not readily 
\ol}jtile. The nicotine salts of the difficultly volatile polybasic or- 
ganic acids, such as malic, succinic, citric, and oxalic acids, are prac- 
tically insoluble in petroleum ether; and, hence, the nicotine in com- 
bination with these acids would not be removed by extraction with 
this solvent. There seems to be no reasoii for supposing that freshly 
cured tobacco contains any of the volatile fatty acids, such as acetic 
and butyric acids, but it is well known that these acids are formed 
in the fermentation process from the malic and citric acids, or pos- 
sibly more directly frojn succinic acid, which i.s itself formed by 
llie ferinentatioM of the citric and malic acids. Acetic acid, like 
nicotine, is easily volatile, and so nicotine acetate is also readily 
volatile. Moreover, this salt is readily solnble in petroleiin) ether. 
Aiumonia is likewise a product of the fermentatioii of tobacco, and 
the small quantity of acetic acid formed in the fermentation of 
tobacco and which escapes volatilization is to be found in combina- 
tion with either ammonia or nicotine. 

Practically all tobaccos appear to contain more nicotine than is 
rwpiired for neutralizing all of the stronger organic acids which are 
Fiot already in combination with mineral or inorganic bases. In other 
words, it appears that a portion of the nicotine contained in tobacco 
is present in practically a free state. It possibly does not exist in an 
;d)soliitely free condition, but rather in loose combination with very 
weak acids of the order of tannic acid or tho.se derived more directly 
fi’om the splitting of the chlorophyll constituents. Such unstable 
salts would act in most respects like the free base. At any rate, the 
greater portion of. the nicotine removed from tobacco by extraction 
with petroleum ether can be titrated with sulphuric acid directly, the 
>anie as if it were in the free state. 

effects of fbementation a^td aging on the different 

FORMS OF NICOTINE IN TOBACCO. 

It has long been known that there is a decided loss of nicotine in 
die fermentation process, and the amount varies from 10 to pfer 
<^‘eut in the case of wrapper- leaf tobaccos to as much as a third of the 
total nicotine content in filler types. Different opinions have been 
7034-BuI. 141—09 2 
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advanced as to whether these losses are due principally to simple 
volatilization of the nicotine or to its decomposition. Those wiio 
have had experience in the packing house where the fermentation is 
carried on do not need to be reminded of the sharp, disagreeable, and 
often nauseating odor emitted from the fermenting bulks, and this 
characteristic odor is due principally to the volatilization of the nico- 
tine. This volatilization of the nicotine is not confined to the fer- 
mentation, but is marked throughout both the air-curing and the 
flue-curing processes. Now it can be very readily demonstrated that 
there is practically no volatilization of nicotine when combined witli 
malic or citric acids even at the highest temperatures reached in 
the fermentation bulks or in the curing barn in the flue-curinj' 
process. Of course this statement would not apply to the portion 
of these salts in which the acid constituents undergo fermentation, 
forming volatile fatty acids. 

Since the nicotine salts of malic and citric acids are insoluble in 
petroleum ether, it is very instructive to compare the amounts iif 
nicotine removed by extraction with this solvent l)efore and after 
fermentation. The following table shows the percentage of nicotine 
soluble in petroleum ether before and after fermentation, as well as 
the loss of this base in the fermentation process, in the case of a 
sample of Connecticut shade-grown wrapper-leaf tobacco: 

Table 1 , — yicotinc soluble in petroleum ether in a sample of Gonnceticut 
wrapper-leaf tobacco before and after fermentation. 

Ter cent. 


Total nicotine before ferineutation 3. 39 

Total nicotine after fermentation 2. 89 

Loss of nicotine in tbe fermentation process 0. 50 

Nicotine soluble in petroleum ether before fermentation. 1. GO 

Nicotine soluble in i)etrolenm ether after fermentation 1. 01 

Difference 0. 59 


It will be seen that the total loss of nicotine in fermentation cof' 
responds very closely to the difference between the amounts soluble 
in jietroleum ether before and after the fermentation, and it is higbly . 
probable that nearly all of this loss is due to simple volatilizatico. 
As is to be expected, the loss of nicotine is greatest in those cases m 
which the temperatures of the fermenting bulks reach the higlu‘=^t 
points. This volatilization of nicotine which takes place during 
curing, and especially in the fennentation process, continues through 
out the subsequent aging of the tobacco, but of course at a dimini sbed 
rate. It is easy to understand, therefore, the marked improveiutuit 
brought about by resweating or a long period of aging in the case of 
those types of tobacco containing excessive quantities of nicotine 9^ 
ftn easily volatile form, which imparts a very undesirable sharpness 
or pungency to the smoke. 

141—1 
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In addition to the^e, niarked losses of niootino by simple volatiliza- 
tion, there is a further decrease brought about by a process of oxida- 
tion. This latter transformation is a very slow one, and while it 
plays a part in the production of the brown color of tobacco it is 
not of importance as regards the total nicotine content. The slow 
oxidation of the nicotine to thick, brown-colored, tarry substances 
begins ill the curing shed and is a continuous jirocess thereafter, af- 
fecting alike the difficultly volatile and the easily volatile forms. 

EFFECTS OF ORGANIC ACIDS ON THE NICOTINE CONTENT OF 
TOBACCO. 

It has already been pointed out that, while the true jibysiological 
effect produced by the smoke of a given sample of tobacco depends 
essentially on the total nicotine content, one important factor pertain- 
ing to the strengtli of the tobacco as this term is generally under- 
st(xxl — i. e., the sharpness of tlu! smoke — is the amount of the 
nicotine present ^luch acts as if it were in the free state in that it is 
readily volatile. Furthermore, it has lieen shown that this easily 
volatile form of the nicotine is readily soluble in jietrolcum ether, 
while the nicotine Avbicli is in combination with malic and citric acids 
is not soluble. It follows, therefore, that the sharpness shown by the 
smoke of any tobacco should be removed either by extracting the 
tobacco with petroleum ether or, e<iually as well, by adding a suffi- 
cient quantity of malic or citric acid to combine with all the nicotine 
jjresent. 

We have made a number of experiments along this line with a 
sample of domestic filler tobacco which Avas especially Avell adapted 
for tliis purpose, and the results appear to justify fully tiic above 
conclusions. This tobacco Avas of excellent quality in nearly every 
respect except that the smoke Avas extremely sharp and pungent, so 
that it Avas necessary to blend the tobacco Avitb some other very mild 
type before using it for the manufacture of cigars. This filler Avas 
chissed as a strong, very heavy type, although the total nicotine 
content was only 2.20 per cent, Avhile many of our domestic filler 
ty|)es contain as much as 5 per cent of nicotine. The amount of this 
ifu'otine soluble in petroleum ether Avas determined. To a portion 
the tobacco about 2 per cent of citric acid Avas added in aqueous 
^^ffution by spraying, after Avhicb the sample was cased doAvn for 
two days to allow the citric acid to diffuse through the leaf as far 
possible. The nicotine in this sample before and after extraction 
^' ith petroleum ether was then determined. For comparison, a sam- 
ple of imported Cuban filler knoAvn as ‘‘ Santa Clara,” Avhich is a 
'^Jy mild type and which showed only a slight sharpness in the 
siimke, was also tested as to the amount of nicotine soluble in petro- 
leum ether. 

141—1 
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The results of these tests are shown in the following table : 

Tablk II. — Sicotina soluhle in petroleum ether in domestic filler tobacco before 
artd after the addition of citric acid. 


Nicotine content. 

Domestic 
filler to- 
bacco. 

Domestic 
filler tobac- 
co, with ; 
citric acid 
added. 

Importeil 
. Cuban 
Santa Clara 
tobacco. 

Total nlcoUne 

Per cent, 
2.20 
0.76 

Per cent. 
2.13 
1.66 

Per cent. 

Nicotine infloluble in petroleum ether 



“ Free” nicotine 

1.44 j 

0.47 



0 54 


It will be observed that two-thirds of the total nicotine contained 
in the domestic filler tobacco is in the easily volatile form which exists 
either in the free state or loosely combined with weak acids ^nd that 
the addition of citric acid renders the greater portion of this insoluble 
in pctix)lemn ether. The fact that the nicotine is not made wholly in- 
soluble by the addition of the acid is accounted for fjartly by reason of 
the slight solubility of the nicotine citrate in petroleum ether, but 
mainly because the solution of citric acid added had not diffused 
throughout the leaf tissue. Better results could be obtained by add- 
ing the citric acid solution before the fermentation process is com- 
pleted, thereby affording a better opportunity for the even diffusion 
of the acid througli the leaf. Even under these unfavorable condi- 
tions the soluble portion of the nicotine was reduced below that of the 
mild Santa Clara sample. 

Samples of this tobacco to which the citric acid had been added 
were made into cigars which were tested by a number of persons, and 
the universal opinion lias been that the sharpness or pungency of the 
smoke has been almost entirely removed by this treatment. Other 
similar acids, such as malic and tartaric acids, are also efficient in 
overcoming this property of the smoke, but oxalic acid does not give 
satisfactory results. The easily volatile fatty acids, such as acetic 
acid, form easily volatile salts with nicotine and hence do not produce 
any decided influence in this respect. It has already been stated, 
moreover, that these salts are soluble in petroleum ether. 

Citric and malic, succinic, and finally acetic and butyric acids 
merely represent intennediate stages in the degradation by ferineuta- 
tive procevsses of the sugars to carbon dioxid and water. Citric and 
malic acids exist in the leaf prior to the fermentation, and whether 
the quantity of these is diminished in this process depends in any 
given case on whether the loss occasioned by partial transforirm^ mn 
of these into succinic, butyric, and acetic acids is made good bv the 
formation of further quantities by fermentation of the sugars. Acetic 
acid is formed duMg the fermentation at the expense of the citric 

^ 141—1 
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and malic acids, and hence it foUo^vs that prolonged fermentation 
can never entirely remove the pungency of toI)acco smoke due to the 
easily volatile nicotine. In the ])resence of an excess of citric acid, 
however, the greater portion of the acetic acid would be expelled 
l)ecause of its easy volatility. 

Citric acid is a normal and valuable constituent of tobacco, and its 
addition in moderate amounts could not tlierefore injure the quality 
of tlie tobacco in any way. Tliere is every reason to l)elieve that its 
addition during the fermentation jn*ocess would pro^e highly l>ene- 
ficial to those types of cigar-filler toba<‘Co winch contaii] excessive 
quantities of nicotine not already in coin!)ination with citric or malic 
acids. This could probably be best a])plied by spraying the tobacco 
at the time of turning the bulks with an aqueous solution of sucli con- 
centration as to add from 1 to 2 per cent of the aend. 

COMPOSITION OF TOBACCO SMOKE. 

Now that we have seen that organic acids like citric, malic, or 
tartaric acid are efficient agents in preventing the nicotine contained 
in the tobacco from imparting an undesirable sharpness to the smoke, 
the question naturally arises as to tlie manner in which these acids 
effect this result. There would se(*m to he fhrw’ possible ways in 
which this effect might be produced: (1) The nicotine salts of these 
acids are so difficultly volatile that tlic nicotine is decomposed in situ 
by the heat from the burning end of the cigar; (2) these salts, on 
account of their slight volatility at lower tem[)eralnreH, are condensed 
from the smoke before it enters the month of the smoker and thus 
constantly accumulate in the unburned portion of the cigar; and 
(»*!) the nicotine pa.sses into the smoke and enters tln^ mouth of the 
smoker in the form of the salt instead of in th(^ free slat(‘, thus losing 
its pungency or biting qualities. Which of these alternatives affords 
the true explanation can best be answered liy smoking the tobacco 
in a suitable apparatus and determining the amount of the nicotine 
contained in the smoke and that remaining in the iinsmoked ends of 
the cigars. 

A number of investigators have endeavored to study the composi- 
bon of tobacco smoke, but the problem presents many difficulties 
in the matter of securing satisfactory analyses. Without attempting 
lo enter into this subject fully, it may be said in brief that the smoke 

in the first place, mixed with la^ge amounts of nitrogen and small 
Twntities of oxygen derived from the air used in tlie combustion. 
In addition to these, the smoke proper contains, as difficultly condens- 
ible gases, small but appreciable quantities of carbon monoxid, hydro- 
acid, and probably also hydrogen sulphid. These latter are 
three well-known poisonous gases, although the quantities contained 
In tobacco smoke are probably too small to be of any special signifi- 

141—1 
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cnnce. Among the more easily condensible constituents may be men- 
tioned nicotine and its decomposition products, especially pyridiii. 
tin ethereal oil of fragrant odor and a complex mixture of thick, tarry 
substances. Of course the smoke also contains large quantities of 
carlion diox id and water vapor resulting from the combustion of tlie 
tobacco. The nicotine content of tobacco smoke has l>eeii extensively 
studied by Kissling ® whose principal conclusions may be briefly sum- 
marized as follows : Considerably less than half of the total quantity 
of nicotine is ordinarily destroyed in the smoking of a cigar, and 
greater or lesser quantities enter into the smoke, depending on what 
portion of the cigar remains unsmoked. In the case of a lot of cigars 
containing rl.TH per cent of nicotine, when two- thirds of the entire 
cigar wore smoked about 28 per cent of the nicotine in the smoked 
part of the cigar was contained in the smoke; about 12 per cent had 
accumulated in the unburned portion of the cigar, and about 00 per 
cent was destroyed. In another experiment in which nearly seven- 
eighths of the entire cigar were smoked, the percentages were 52, 5.5, 
and 42.5, respectively. Unfortunately, in these tests the cigars wen- 
smoked by drawing tlirougli them a coiisttmt flow of air instead 
of by intermittent puffs,’' ^ as in the actual practice of smoking, 
so that the above values arc not entirely applicable. Kissling con- 
siders that the physiological effects of tobacco smoke are produced 
almost wholly by nicotine and its immediate decomposition products 
of tlie pyridin class of compounds. 

We have carried out several experiments along the lines of those 
conducted by Kissling to determine more particularly the effects 
produced by citric acid on the nicotine content of tobacco smoke. A 
portion of the sample of tobacco repeatedly referred to in this jiaper 
was sprayed with an aqueous solution of citric acid in the inaiiner 
already descrilxid, and was then made into cigars. Another portion 
of the same sample without the addition of the acid was also niatk 
into cigars. A like miniber of each was smoked in a suitable ap- 
paratus, the smoke being drawn through a series of flasks containing 
sulphuric acid to absorb the nicotine. The wash watei^s containing 
the nicotine from the smoke were then distilled in a current of stcain 
to remove any indifferent volatile matter, an excess of alkali adth'tl, 
and the mixture was then again distilled,. The distillate containing 
the nicotine mixed with pyridin and a relatively large amount 
ammonia was accurately neutralised with sulphuric acid and tlien 
evaporated to dryness. The nicotine and pyridin were then separntt‘'' 
from the ammonia by extracting the residue with small volume^ 
absolute alcohol. The apparatus used for smoking the cigars 

® Dingl. Polyt. Journal, 1882, p. G4. 

® The word “ puff In this paper is used to cover both the inhalation ami 
pulsion of the smoke. 
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<*{)nstructed that the air could be drawn through the cigars either in 
an uninterrupted current or intermittently, and the rate of smoking 
was so regulated that about thirty minutes would l)e required for the 
complete combustion of a cigar. In one series of experiments ap- 
proximately two-thirds of each cigar were smoked, while in a second 
series only one-half of each was consumed. The results obtained are 
recorded in Table III, but it is to be understood that the values 
.dmwn are only approximate, since they are intluenced by a multitude 
of factors which can not be rigidly controlled. In experiments 1 
:uk 1 3 the cigars were smoked by intermittent ‘‘ pulls,” while in ex- 
peiiments 2 and 4 they were smoked by a constant curi*ent of air. 
hi every case the results given in the columns designated by ” 
refer to cigars made of tobacco to wliich citric acid liad been added, 
while those under columns headed II ” j*efer to cigars from the 
natural leaf. All results are expressed in percentages and are the 
average.s obtained from smoking a number of cigars. The cigars 
used contained 2.2 per cent of nicotine. The ] 3 erccntages of nicotine 
given in the table are all calculated to the amount of nicotine in the 
portion of the cigar actually smoked, and not to that contained in 
die whole cigar. The values for nicotine include at least a portion of 
the pyridin formed by the partial decoin })osition of tlie nicotine, in- 
asmuch as no method has been devised ft)r the quantitative separation 
of these two substances. 


Tarlk ni . — Xicotinn in the Kmoke of cignr,^ made from tohacen to trhkh citric 
acid had been added and those made from natural leaf. 



j Experiment ]. 

Experiment 2. 

Exp(‘riinent 3 . 1 

1 Experiment 4. 
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B. 

I’ortion of total weight of cigars^ 

J^r ct. 

Pfi.r r.L \ 

; Per cl. 

1 Per a. 
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, 1 
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smoked 

Xieotiue of smoked tobacco found 

73 
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63 

49 

: 60 

tii 

61 
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^'icoUne of smoked tobacco recov- 

25.5 

1 

34.5 : 

1 27 

1 

31.5 


1 

22 

1 26.3 

i 

ered from reaidual ends 

Nicotine destroyed in process of 
smoking or expelled directly into 
‘he air from the burning end of 
thedgar 

14 

8 i 

j 

1 

54 

I 

42 

29 

18 

I 

! 48 

1 

40 

60.6 

57.5 ! 

1 

! 

26.5 

1 


f 

[ 

30 

i 

33.7 


It will be seen that when about two-thirds of a cigar are smoked 
about 30 per cent of the nicotine qf the smoked portion passes into 
the smoke, while from 10 td 20 per cent collects in the unsmoked por- 
hon, and the remainder is either destroyed or escapes into the air. 
I'he striking increase in the amount of nicotine which collects in the 
‘firsmoked portion of the cigar when -it is smoked by means of a con- 
shmt current of air instead of by intermittent “ puffs is due to the 
^‘if cumstance that in the first case practically all of the nicotine is 
into, or through, the unburned portion of the cigar, while in 
latter case a large portion of the nicotine escapes into the air 
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during the intervals between puffs.” The relative amount of nico. 
tine which is to be found iit the smoke depends chiefly, on the relative 
length of the unsmoked portion of the cigar and on the rate at whirh 
the smoke is drawn through the cigar. 

The point of chief interest, however, is the effect of the citric acid 
on the nicotine content of the smoke. It is apparent that in' every 
case the quantity of nicotine in the smoke is reduced, while that 
which collects in the residual end of the cigar is correspondingly 
increased. This difference, nevertheless, is too small to account for 
the marked effect produced on the quality of the smoke. Apparently 
the only possible explanation of this pronounced effect on the sharp 
ness of the smoke is that in the presence of the citric acid the nic'o 
tine enters the smoke in the form of a salt rather than in the fre(‘ 
stale, and thereby loses its pungency while still exerting the usuiil 
pliysiological effect. 

CONCLUSIONS. 

It has been shown in the preceding pages that there is no direrl 
relation between the so-called “strength” of tobacco when uso<l 
for smoking purposes and the total content of nicotine. However, 
a distinction must be drawn between two forms of nicotine con- 
tained in tobacco, one of which is easily volatile and readily solnldc 
in petroleum ether while the other is volatile only at elevated tem- 
peratures and is almost insoluble in petroleum ether. The umle- 
sirable sharpness or pungency contained in the smoke from certain 
types of cigar- filler tobacco and which constitutes one of the two 
factors included in the term “ strength ” as applied to the smoke 
is due almost entirely to the volatile, easily soluble form of nicotine 
which acts as if it were in the free state. On the other hand, the 
true physiological effects of the smoke, as embodied in the term “ full- 
ness,” are proportional to the total quantity of nicotine. 

The pungent, harsh quality of the smoke is partially, but not en- 
tirely, removed by protracted resweating and aging of the tobacco, 
whei'eby the easily volatile nicotine is largely expelled. This unde- 
sirable property is entirely removed by extracting the tobacco with 
petroleum ether, which simply dissolves out the volatile nicotine. 
Finally, the addition of sufficient citric acid to the tobacco to com 
bine with all of this easily volatile nicotine efficiently overcomes tlie 
sliarpness or pungency of the smoke. It can best be added by spray- 
ing the tobacco wdth an aqueous solution when the fermenting bulks 
are being turned. The addition ^f the citric acid reduces somewli^d 
the amount of nicotine in the smoke of the cigar, but not* enougi' 
to account for the marked effect on the quality of the smoke, 
is suggested, therefore, that probably the nicotine enters the smoke 
in the form of a salt rather than in the free state, thereby losing ds 
pungency. 
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. THE GRANVILLE TOBACCO WILT. 

By Ebwin F. Smitei, I^athoJogust in Cliarnr of thr iMhorutoty uf Plant 
Patlwh)(}\j, 


HISTORY. 

Attention was first called to the Granville tobacco wilt in Septem- 
ber, 1903, by McKenney, then connected with this Department. He 
iittributed it to a fungus (Fusarium) nearly related to those studied 
by the writer on cotton, melon, and cow pea. No proofs from inocu- 
lation were obtained by McKenney. 

A few days after the appearance of McKenney 's paper a bulletin 
Avas published by Stevens and Sackett, of the North Carolina Agri- 
cultural Experiment Station, describing this disease and attributing 
it to bacteria. Their diagnosis also de}>ended solely on field observa- 
tions and microscopic studies, but this jiart of the work was well done. 

In 1905, as the result of personal examinations of infected plants^ 
studies of the microorganism in pure cultures, and successful inocu- 
lations therefrom, the, writer confirmed the findings of Stevens and 
Suckett as to the bacterial nature of this disease. Numerous success- 
ful infections of tobacco were obtained both by needle puncture from 
pure culture and by plantings in infected soil. 

The organism was identified provisionally as closely related to Bao 
Mum solanacearum^ a species described by the writer in 189fi as the 
cause of a widespread and destructive broAvn rot of the potato, tomato, 
and eggplant. This conclusion was based on the similar behavior of 
the tobacco bacterium and of undoubted Bader him Holanaeeaimni 
Glerived from tomato and potato) in a variety of culture media. The 
diade of doubt remaining in my mind at that time Avas due to the fact 
that many cross-inoculations (potato to tobacco and tobacco to to- 
Jiiato), while showing multiplication of bacteria in the inoculated 
h>^ues and some other signs of disease (brown stain in the bundles, 
on tomato stems the development of incipient aerial roots), did 
contract the wilt. 

THE CONTIinrED PREVALENCE OP THE DISEASE. 

Both in North Carolina and in Florida this wilt of tobacco has con- 
tinued with increasing severity, the losses in 1908 being greater than 
those of any previous year. In North Carolina quite a number of 
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planters have lost whole fiefds and others considerable parts of fieUU. 
Still others have harvested fheir tobacco green to save some part of it. 
The entire loss in 1908 in North Carolina is not known, but is esti- 
mated at upward of $100,000, 

In Florida the disease has also made great inroads in several places, 
causing serious losses for three or four yeare. In 1908, one man lost 
20 acres of tobacco under shade by reason of it. The same year a 
company lost nearly every plant on 12 acres of home-grown Sumatra 
under shade and also a considerable part of 95 acres of imported 
Sumatra, also grown under cover (cloth). On many of these fields 
tobacco has followed tobacco for a long series of years (eighteen years 
in one field). 

The woi-st feature of this disease is the fact that fields once infected 
remain infected indefinitely, or at least for many years, and are also use- 
less for growing any other plant of this family, e. g., potatoes, tomatoes, 
eggplants, or peppers. ' The disease is therefore a very serious one. If 
it continues at its present rate of progress, tobacco growing in the 
infected districts will become impossible within a few years, and if it 
should extend to all the tobacco-growing sections of the United States 
this industry would be destroyed. It is therefore of the utmost im- 
l)ortance to keep it out of sections which are still free from it. To this 
end correct information respecting its nature should be disseminated 
as widely as possible. An ounce of prevention is worth tons of cure— 
and, moreover, a cure is not in sight. Something may be done, how- 
ever, by good field hygiene to restrict its progress. 

BACTEEIAL OKIGIN OP THE DISEASE. 

. The writer no longer has any doubt as to the bacterial origin of this 
disease. On two or three occasions he has found Fusarium on tobacco 
stems affected by this disease, but not commonly, nor ever exclusively. 
Generally there were also a great many bacteria present in the stems 
occupied by the fungus. Once I have observed Fusarium to be a 
secondary infection — in one plant out of many inoculated with the 
bacterium some years ago. 

Almost all of the diseased tobacco plants examined by me from 
North Carolina and from Florida, a hundred or more, in several differ- 
ent years, were attacked by bacteria to the exclusion of fungi. Fiiss' 
rium certainly was not present. Nothing here, said, however, need he 
construed as a denial of the occuiyence in this country of a Fusaruni^ 
disease of tobacco, since it is very reasonable to suppose the existence 
of such a disease. There are many such diseases, as the writer was 
the first to point out. One occurs on the tomato and another on the 
potato. Why not one on tobacco? The evidence necessary' to estab- 
lish such a contention, however, is yet to be procured. Meanwhile ve 
may consider the Granville wilt as solely bacterial in its origin- 
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NEW experiments. 

Experiments by the writer in the summer of 1908 have demonstrated 
that the Carolina tobacco disease is readily communicated to tomatoes 
through the root system. These infections ivere obtained by trans- 
planting healthy tomatoes into a bed of good hothouse soil in which 
tobacco plants affected by the Granville wilt had been buried recently. 
The stems of these tobacco plants, which were obtained from North 
Carolina, were swarming with the bacteria peculiar to this disease. 
The tomato plants were infected through broken rooU^ the plants 
being of considerable size when set into the infected bed. 

The experiment was begun at the end of July, and up to this date 
(August 18) nineteen tomato plants have contracted thedisease. This 
disease is typical tomato Avilt, the vascular bundles of stems and mid- 
ribs being browned and their vessels filled with the grayish white 
bacterial slime peculiar to the genuine tomato disease. Dissections 
showed the brown stain and the bacteria in the bundles to be more 
al)undant as one passed from the top of the plant toward the roots, and 
always one or more broken roots were found diseased to the very end^ 
i. e., browned and occupied by the bacteria. Most of the roots, how- 
ever, as \vell as all of the underground stem and all of the parts above 
ground, were free from external appearance of disease other than the 
wilt, i. e., from wounds, spots, or stains. The wilting was sudden, i. e., 
not preceded by any yellowing of the foliage. Numerous incipient 
roots developed on the stems. No other tomato plants in the houses 
or on the grounds (several hundred) showed any signs of this disease. 

The Jimson weed [Datura stramonmrn) planted in this bed also 
contracted this disease through the root system. 

Moreover, with bacterial slime taken from the interior of four of 
these wilting tomato plants (upper part of the stem) I have caused the 
Granville tobacco wilt inside of two weeks on four large healthy tobacco 
plants, the bacteria being introduced into leaves and stems by means 
of needle pricks, and also by pulling off leaves and rubbing the scars 
’'‘Vith the crushed tomato stems. The signs of this tobacco disease so 
detained were in every way characteristic — wilt of foliage, darkening 
of the veins of the leaves, longitudinal dark stripes on the stem origi- 
nating from internal staining, brown stain of the vascular bundles of 
the stem and leaves, and vessels gorged with the characteristic bacteria, 
l^ome of the uninoculated leaves also dried out irregularly, and the 
topical leaves on the inoculated sid^ of the stem became dwarfed and 
distorted. The inoculations were made in another hothouse (where no 
other Solanaceae were. grown) , the checks remained healthy, and when 
the wilting plants were cut for examination the root system in three 
of the four plants was still free from disease, the inoculations having 
hoen made at the top of the plants. Moreover, in all cases (four places 
OB each plant) the disease began in the pricked and rubbed areas. 
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SPECIPIC GEEM INVOLVED, 

The cultural characters of the tobacco organism are the same as 
those of Bacterium solanaeearum derived from tomato or potato, and 
now that good cross-infections have been obtained no doubt remains 
that the Granville wilt of tobacco and the brown-rot of potato, tomato, 
and eggplant are one and the same disease, i. e., due to the same 
organism, all of these plants belonging to the nightshade family and 
being rather close relatives. The Florida tobacco wilt at Quincy and 
Hinson appears to be the same thing. I examined diseased plants 
from Florida some years ago and again this year. 

The writer formerly stated (1896) that he did not succeed in cross- 
inoculating Babterium solanaeearum into tobacco and peppers, and at 
that time he believed tobacco to be exempt, but not many experiments 
were made, and we may assume either that the cultures used had lost 
their virulence or that the particular plants selected were too old or 
growing too slowly, or for some other reason were unusually resistant. 
The writer now believes that Bacterium solanaeearum does frequently 
lose its virulence by continued culture; that, in general, old and slow- 
growing plants are difficult to infect ; and that some individuals and 
some varieties are more resistant than others. This, I believe, suffi- 
ciently explains the former failures. We may conclude, therefore, in 
searching for remedies that we have one disease to deal with and not 
several. 

METHOD OE ENTEANCE OE THE BACTEEIUM. 

If stomatal infections occur, wdiich is not unlikely, especially in wet 
W’eather, they have not yet been demonstrated. So far as we know, 
this organism enters the plant only through wounds. Van Breda de 
Haan found the root system especially subject.. Stevens and Sackett 
state that the infection is first in the root. A large number of infec- 
tions undoubtedly take place under ground, the organism present in 
the soil entering the plant through wounds made in transplanting or 
cultivating, or by small animals infesting the soil. Roots broken in 
transplanting and leaves pulled or pinched off at that time are respon- 
sible for many infections, and it would seem that by care the number 
of such wounds inviting infection might be greatly reduced. 

It has been observed in Sumatra, where occurs a destructive bacte- 
rial wilt some years ago identified by Hunger as due to Bacten^iie 
solanaeearum^ that the tobacco plants are peculiarly subject to it wlieii 
grown on land infested with eelworms (nematodes) or with insects 
which attack the roots or base of the stems. Rainy weather is favor- 
able to the progress of this disease, although the wilt may be detected 
first in dry weather. In this country it has been observed, especiaH) 
by Earle on tomatoes in Alabama, that wet soil is peculiarly favorable 
to the spread of this disease. All observers agree that the root system 
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is peculiarly liable to attack. To a very considei;able extent the 
destructive prevalence of this disease seems to hinge on the occurrence 
of root-infesting nematodes. They are common in the diseased to- 
bacco soils of Florida and probably occur also in those of North 
Carolina. 

EEMEDIES AND PALLIATIVES. 

(1) This organism is to be regarded as a very bad weed liable to be 
distributed in many ways. It is worse than ordinary weeds because it 
is invisible. On plantations free from the disease a rigid quarantine 
sliould be erected against plantations subject to the disease. Nothing 
should be received by the farmer from the latter — seeds, yonng plants, 
raw tobacco, cured tobacco, packing cases, wagons, tools, fertilizers, 
laborers, horses, cattle, etc., all should be excluded. Avoid also the 
manuring of fields with tobacco waste even when it is believed to 
originate from clean sources. 

(*2) Do not plant tobacco on lands subject to this disease. Rent 
healthy land at a distance if necessary. To plant infected land invites 
disaster. It is not safe to do so emn after several years, Stevens and 
Sackett have recorded several cases where the disease returned after 
five to eight years rest of the soil, and one instance where it did not 
return after a rest of fifteen years. 

(3) Do not cultivate any other similar plants on infected land. 
Tomatoes, potatoes, eggplants, peppers, and pepinos are all more or 
less subject to this disease, and their growth will help to continue the 
organisms in the soil. Grow plants of some entirely different family. 
Look out also for solanaceous weeds. It is not known whether these 
are actual harborers of the bacteria, but it is well to destroy them. In 
the hothouse the writer has found the plant called Stramonium, jimp- 
son, or Jamestown weed quite subject to this disease. The disease is 
also readily inoculable into the black nightshade {Solanum nigrum), 

(4) Search the affected tobacco fields carefully, especially toward 
the end of the season, in the hope of finding resistant plants from 
^vluch seed may be saved for the breeding up of resistant sorts. There 
is some hope that this may be accomplished. The intelligent planter 
can serve himself in this matter as well as help to excite general in- 
terest in the subject. The end in view is worth the expenditure of 
^luch time and trouble, 

(o) If it is impossible to avoid the use of infected lands, then cer- 
tainly avoid planting the wettest spots, and underdrain such fields as 
speedily as possible. 

I b) Select for the seed beds soil which is uncontaminated, and trans- 
plant to the field early,, i. e., while the plants are quite small, and with 
Iht greatest care to avoid breaking the roots. Cultivate shallow with 
llto same thought in mind. Under no circumstances use large plants 
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on such lands.* The roots are certain to be broken more or less in 
transplanting and equally certain to become infected, with subse- 
quent infection of the whole plant. Probably half the trouble on siicii 
lands, if they are free from nematodes, might be avoided by careful 
attention to this one particular. Under tents, sowing the seed in the 
place where the plant is to stand might also be given a trial. 

(7) Wound as little as possible the base of the plants and the tops 
by pruning or pulling away leaves. Do not jerk off leaves when setting 
out. It is a good rule under ordinary circumstances to balance root 
and top by removing a portion of the leaves at planting time, Ivt not 
'when this disease is present^ since infection is liable to occur in this 
way. The same end may be accomplished with less danger to the 
plants by using greater care in transplanting, and especially by trans- 
planting when the plants are small. Top the plants in dry weather. 

(8) Avoid fields known, to be infected with root nematodes. They 
wound the roots and enable the bacteria to gain an entrance. Hunger 
demonstrated this on tomatoes in the Dutch East Indies. If such fields 
must be used, the nematodes may be reduced in number by rotation 
with winter grains (oats, rye, wheat) followed by velvet beans but not 
by cowpeas (except Iron), since ordinary cowpeas are much subject to 
root nematodes and will increase the number of them in the soil. Vel- 
vet beans are not subject to nematodes. The number of nematodes in 
the soil may also be reduced by a skillful use of trap crops, but an 
unskillful use of the same will increase their number. The object of a 
trap crop is to get as many nematodes as possible encysted in the 
which are then pulled up and burned. Cowpeas may be used as a trap 
crop. They should be removed and burned as early as the fourth week, 
i. e., before the nematodes have escaped again into the soil in increased 
numbers. It would be best, however, to put this work into the hands 
of persons having some knowledge of biology, since trap-cropping for 
nematodes is still in the experimental stage. 

(9) Remove and burn affected plants as soon as they are detected. 
They are swarming. with innumerable millions of infectious particles'* 
which plowed under or allowed to fall to the ground are washed into 
the earth and will serve to increase the soil infection. Such plants are 
also a source of danger to your own free fields and to those of yonr 
neighbors. There are enough neglected tobacco plants in GranA'ille 
County to infect the whole United States if properly distributed. 

(10) Under no circumstances tbi^ow tobacco refuse on your fields, or 
into your barnyard, or into streams or roadways. Such refuse i' 
good fertilizer, but it may also prove the carrier of this disease and 
danger is too great. The organism may live in the dead steiu^ 
some time — just how long is not known. Do not take any risks. 1 

®A single tobacco plant may contain ten thousand million of these bacteria. 
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organism is not known to produce spores and is believed to be de- 
stroyed by a short exposure (ten minutes) to 52° C. (125® F.), but 
until it has been confirmed on a large scale in the field it is best to 
be cautious about using waste material from tlie curing house. Some 
portion of it containing these bacteria may not have been heated hot 
enough to destroy them. 

(11) Strive to keep uninfected fields free from infection. To this 
end look out for the tobacco refuse ; also for wash of rain water from 
infected lands (this to be turned aside by ditches and dikes). Be 
watchful also for other sources of infection, e. g., dirt or fragments of 
infected tobacco carried on tools, feet of horses and cattle, etc. 

Tools may be disinfected (after removing the dirt) by a short expo- 
sure to live stearn, boiling water, or the open flame (gasoline torch). 
Five minutes’ exposure ought to be ample. They may also be disin- 
fected by the use of germicides, e. g., 5 per cent carbolic acid (poison) 
or one-fifth per cent mercuric chlorid (poison). Carbolic acid or mer- 
curic chlorid (corrosive sublimate) are better than formalin, since the 
latter is volatile and likely to be under the certified strength (40 per 
cent formaldehyde) in broken packages or old corked bottles. Mer- 
curic chlorid tablets prepared for this purpose, so that weighing is not 
necessary, are on the market. Wooden pails and clean boiled water 
should be used. The germicidal action of mercuric chlorid is destroyed 
by contact with metal dishes. These substances should be kept out of 
reach of children. 

( 12) Avoid also the increasingly common southern practice of sowing 
fields with dirt from other fields, the idea being to inoculate the soil 
with nitrogen-fixing organisms. This method of inoculating soils is a 
bad practice under any circiunstances, i. e., one well calculated to dis- 
seminate plant parasites and one particularly reprehensible in localities 
where this disease prevails or is liable to occur. Xematodes, injurious 
insects, parasitic fungi, club- root of cabbage and other crucifers, and 
plant-destroying bacteria, not to mention animal parasites, are all 
liable to be disseminated in this way. To let loose a whole menagerie 
for the sake of obtaining an ox or an ass is not a good policy. Obtain 
pure cultures for soil inoculations from the Department of Agriculture 
or the State agricultural experiment station. 

(13) Those who grow Sumatra wrapper-leaf tobacco under tents 
erected at great expense, and whose annual crop is worth $1,000 or 
^1,500 per acre, can afford greater expenditures in combating this dis- 
ease than the ordinary planter. Such persons should endeavor to free 
the soil of this organism by fire or by steam heat. They should also 
combat the nematodes. Bacterium solanaceanm is quite sensitive to 
heat, and if the whole body of the soil could be warmed up to 125® F. 
for fifteen minutes this organism would be destroyed. If such attempts 
fifteen minutes this organism would be destroyed. If such attempts 
&re made great care must be taken that the sterilized portions are not 
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reinfected by careless workmen from the parts not yet treated. Liv^^ 
steam under considerable pressure conveyed through parallel lines of 
buried gas pipes and let loose into the soil at short distances by suit- 
able small openings is probably the best method of applying steam. 
It may be applied, however, as Shamel has recommended for seed 
l)edH, i. e,, under large shallow metal pans, which are then moved to a 
fresh portion of the field, and so on until all is treated. A lettuce 
grower in Boston has invented a sort of drag- tooth device of gas pi})c 
which is driven down into the soil and steam turned on for a half hour 
or more. This is then lifted and driven down in another place, and si 
on until the whole bed is covered. It effectually sterilizes the soil, 
but the labor is very considerable. 

(14) Get your neighbors to unite with you in carrying out these 
measures. 

RECAPITULATION. 

The tobacco wilt is due to bacteria. They occur in the diseased 
plants in enormous numbers. They infest the soil and remain alive in 
it a long time. The plants are commonly infected through injiiries 
due to nematodes (eel worms) which cause swellings on the roots, or 
through roots broken in setting out. Late transplanting from the 
seed bed is very disastrous when this microorganism is in the soil 
Potatoes, tomatoes, eggplants, and other members of the nightshade 
family are also subject to this disease. 

Sound plants depend on planting in uninfected land. To keep im- 
iiifected fields free and to reduce the amount of infectious material in 
diseased fields, remove and burn the diseased plants and practice the 
other hygienic measures here recommended. 

Immediate remedial measures should look to reducing the number 
of nematodes in the soil ; to greater care in transplanting, so that tlic 
plants, and more particularly the roots, shall not be wounded; aiul 
under tents, if the cost is not prohibitive, to destruction of the bacteria 
by steam heat. 

Kemote remedial measures should look to breeding up ^ace^ •>! 
tobacco, which shall be resistant to this disease either directly or indi' 
rectly by being resistant to root nematodes. 



K r. I.— 463. 


THE FLORIDA VELVET BEAN AND ITS HISTORY. 

Ky Katherine Stephens Bort, Lahoratory Forage Crop Investigations, 


HISTOEY OF THE FLOEIDA VELVET BEAN. 

The most important leguminous forage crop gi'own in Florida is 
undoubtedly the velvet bean. In the past fifteen years it has rapidly 
grown in importance as its value has come to be luore and more ap- 
preciated. In so far as one can rely on the memory of various resi- 
dents in Florida, the velvet bean was known there at least as early as 
1875, but no documentary evidence earlier than 1800 has been found. 
In connection with the study of the Florida velvet bean the interest- 
ing fact develops that the plant does not belong to any of the species 
to which it has been referred, but on the contrary is a distinct species 
not lieretofore properly characterized or named. The detailed his- 
tory of the plant as far as the documentary or published evidence 
is concerned is given below. 

On September 8, 1890, Hon. J. M. Rusk, Secretary of Agriculture, 
writing to Mr. S. C. Carleton, Argo, Fla., in a letter preserved in 
the files of the United States National Herbarium, acknowledges 
the receipt of “ a peculiar seed of a l)ean,” and continues the letter as 
follows : 

The plant is apparently a species of the genus Mucuna. The National Her- 
harium contains nothing exactly like it and it Is probably of tropical origin. 
1 shall be glad if you will send us some specimens of the vine, iwrtions of 
the stem a foot or two long with some flowers, leaves, and fruit in i)osltlon. 
We wish to prepare the specimens for permanent keeping in the herbarium. 
1 laail you to-day a box in which the plant can be placed and sent free of 
l^astage. 

No further correspondence has been found, but in the United 
States National Herbarium are several specimens sent in by Mr. 
1 arleton under date of Septembet 22, 1890, on one of which is the 
hi formation “introduced with coffee seed,” and on another “intro- 
duced from tropical America of West Indies.” These specimens 
'Hre mistakenly identified as Mucuna pruriens L. The plant is the 
I'lorida velvet bean, and the above is the first documentary record 
concerning it that has yet been found. 

7034~Bu1. 141-09 4 
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In Bulletin No. 35 of the Florida Agricultural Experiment Station, 
published in April, 1896, Mr. 0. Clute writes as follows: 

Early in 181)5 my attention was called to a “pea” which was reported ii« 
i;row luxuriantly in poor soil, to give a large amount of forage, to yield iin 
unusual amoiint of peas, and to be eaten readily, both forage and peas, by ?ill 
stock. The gciitlcmau who reported this i)ea has no name for it. Afterwards 
the same plant was found in Lake City and in other places in Florida, grown 
as an ornamental on trellises for shading piazzas, under the name of velvet 
bean. * * * It began to bloom in August, producing long clusters nr 

racemes of somewhat large purple flowers, which were uuits ornamental. 

The bloom was followe<l by plump pods of rich, dark green, covered with a 
close down, like velvet, whence probably comes the name of “ velvet 

bean.” * ♦ =* i have not been able to learn the botanical name of the plant. 

Probably it was introduced ns an ornamental climber. It may have conn- 
years ago from the Patent Office, or more jeitently from the Department of 
Agriculture. * * • Mr, A. P. Xewheart, of Ocoee, Fla., of whom I obtainiHl 
the seed plantttd at the station at Lake City, called the t)laut a peti. Ih- 
writes as follows: “Your letter is at hand. At your request I will state that 
I know nothing of the origin of the pea, and can find no one among the old 
settlers that has the least knowledge where the pea came from. It has been 
planted here some twenty years, solely as coverings for trellises and unsightly 
places.” 

In December of the same year that Mr. Clute published his bulletin. 
Mr. Gerald McCarthy, in Bulletin No. 133 of the North Carolina 
Agricultural Experiment Station, has this note: 

Banana or \"fxvet Pea . — DoHchos multiftorus (Plate I). — The banana iK-a 
Is not a true cowpea, though closely related. Its botanical name is Dolirho-^ 
vudtifiorm, and it Is a native of the southern part of Florida, extending south- 
ward into the Tropics. This pea is much more tender as regards cold than the 
common cowpea, and this, with its extremely long season of growth, reduces 
very considerably its agricviltural value for North Carolina and colder States. 
The seeds are large, roundish, granite color, and speckled like the counn'-ii 
“speckled” pea. The growth of vine is enormous, far exceeding any oihcr 
legume known to agriculture, reaching 20 to 30 feet. 

The identification of the Florida velvet bean as Dolichos multiformis 
Torr. [Dioclea hoykmii Gray) is clearly erroneous. That plaut 
native in Florida and is very different from the velvet bean. 

Since 1896 there have been frequent press notices of the velvet bean. 
Some of the more important, as throwing light on its history, are tlie 
following : 

Seven years ago only two grove men here had planted the velvet bean : 
these the acreage planted in orange grqves gradually increased until last vear 
there were about 25 orange groves planted to the v^vet bean. The results 
were so favorable that fully 300 orange growers planted the bean for fertili?-^*' 
alone this year.—FIorido Farmer and Fruit Grower {Jacksonville, Fla.). 
vember /S^, p. 151. 

Although notes on this plant have already appeared in the Queensland 
cultural Journal for August and October, 1897, I think that the following infof’ 
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luation respecting its giwtli in tliis colony nniy be of inten^st 1o Queenslaiuiors, 
as the previous notes were simply extracts from Americun journals, and the 
information they gave more applicable to Aujerican than to Queensland con- 
ditions. 

in the first place, the plant has been wrongly named, as it is not DobcAoj 
multiflorus, but is recognized by Mr. F. M. Railey, to whom 1 submitted speci- 
mens, as Mucuna pmriens, var. a variety of the plant commonly known 

its ‘‘(’owhage” or " Cow-itcb.” The description already given of this ))lant is 
substantially correct, so 1 will simply refer my readers to tlie illustration here- 
with,'* which has been drawn by the artist to the department from a plant 
grown at the Uedland Bay Experiment Farm.— A/&cr/ //. fietmm in Que(’n8- 
Untd AgricuUurnl ,fourn(i}, Muy, LS,98, p. 370. 

Velvet Beax {Mttcuna iitiJift). — Annual; climbing; stems sometimes oO feet 
ill length; leaflets 3, large; pods nuniorons, 2 to 3 inches long, each containing 
three or four large oval beans. 

A newly introduced plant which has not been extensively tested, but wdilch 
has been highly recommended by the experiment stations of Louisiana and 
Florida.— (/ni/cd State.^ Department o/ AgrieuUure, DiritiUm of Affimtotogy, 
ItiiUetin No. 13, “T Report Upon the Forage FJaalH (not Forage RvffonrcrH of 
the Gulf Statcfi;' hy S. M. Tracy. July 15, 1H0H. 

Florfda Velvet Bean. — Under this name a leguminous ]dant has been promi- 
nently recommended in American journals as a forage plant and as admirably 
adapted for green crop manuring. Recently the beans liave been offered for 
sale in this country. As frequent references have been made to Kew, it is 
desirable to i>lace on record what is known of the plant and its capabilities. As 
to its Identity, it was from the first conjectured tliat tlie stH*ds belonged to 
a plant very near tlie common purple flowered (^whage or ('ow-itch plant of 
the Tropics, Muvuna priiriemt. The difiiculty, in the absence of adetpiate speci- 
mens, in identifying it with this wms the fact that in the ('ow-itch plant the 
pods are densely covered with stinging hairs of a browmish (‘olor. A plant 
so formidably armed, it w^as thought, could not safely be n^'ornmetnUd for 
general cultivation. The name first given, Dolicho,s 7nultifloruf< (Dioelcn hoy- 
kinii), was clearly wrong. In these circumstances we are glad to find from 
the Queensland Agricultural Journal, volume ii, pages 370-371 (with a plate), 
ih;it the plant has flowered and fruited in that colony, and that Mr. F. M. 
bailey, F. I., S., the colonial botanist, has identified it as Mueana pruriens, 
var. utilis. In this variety of the Cow-itch plant the iKids are apparently 
devoid of stinging hairs. It is probably M. utilig of WalHch, described in 
Flora of British India (voi. ii, p. 187) as “cultivated variety'* with velvety 
not hairy pods. This is figured in Wight’s leones (voi. i, t. 280;. According 
to Watt’s Dictionary of the Economic Products of India, “tlie young, tender 
rw'ds are cooked and eaten as a vegetable,” What may also prove to be the 
s'iinie plant, with jet black seeds, is cultivated as a rotation crop on sugar 
'■states in Mauritius under the name of “ Pois Mascate.” The accounts given 
by interested parties in America respecting the agricultural value of the 
Florida velvet bean must be received with caution.— B'cic Garden Bulletin 
'>/ "^liseellaneous Information No. ^nguht. 18,98, p. 207. 

fHE Florida Velvet Bean.— As I am receiving so many letters of inquiry 
from your readers about the Florida velvet bean, and being unable to answer 
^'ach one separately, I would like to reply through the columns of your valuable 
widely read paper. 

^There is a plate showing the velvet bean. 
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I have been asked so many times by people all over the country to give them 
the origin of this marvelous and most wonderful forage and fertilialng plant, 
and from what country it came. I will answer by saying that its presence here 
in Florida can be traced back twenty-five years or more, -and it has until 
recently been knoTfsn among the common people as the “Climber.” From 
weight of evidence I unhesitatingly give Florida the credit of being its original 
home. 

During the past year the, writer Introduced this little wonder in almost every 
civilized country on the globe, and a crop from the seed sent has been grown 
the present season ; but from reports received it still remains a stranger to all. 
No one so far as heard from claims to know anything about it. The celebrated 
Kew Gardens, London, grew it the present season as a curiosity. Its vigorous 
growth and wealth of foliage and vine attracted wide and universal attention. 
Every State In the American Union is also putting it to the test. From a 
flood of letters received I learn that, from lute planting and early frosts, the 
seed is. not maturing in all sections of our country. But as a successful feed, 
forage, and fertilizer crop, it has nothing but praise from every quarter, and 
condemnation from none. Our Government at Washington, recognizing its 
great value to our country at large, bought a carload of seed of the writer last 
July for distribution to the several States of our Union.— Capt. E. A. MlhoiL 
Florida (no /ofcn ?nenfioncd), in Agricultural Epitovdst {Indianapolh, Ind.), 
February^ 1890, p. 

From the year 1898, wherever the velvet bean is mentioned, it is 
spoken of as Mucuna and publications devoted entirely to it 
began to be published,- notably the following: 

Alabama Agricultural Experiment Station Bulletin No. 104, “ The VeUvt 
Bean,” by J. F. Duggar. April. 1899, 

T-niteil States Pepartinent of Agriculture, Division of Agrostology. Circular 
No. 14, “The Velvet Bean,” by Jared G. Smith. May, 1899. 

Florida Agricultural BxiJeriment Station Bulletin No. 60, “ Velvet Beau." 
by 11. K. Miller. January, 1902. 

Hailey’s Cycloi)edia of American Agriculture, volume 2, pages 656HlijS. 
“ Velvet Bean,” by H. H. Hume. 1907, 

THE IDENTITY OF THE FLOEIDA VELVET BEAN. 

The original description of Mucuna utiWhy Wallich" is as follows: 

The principal difference of this species, if indeed a species, and M. prui'Ua 
consists in the hairs of Its legumes being appressed and almost silky, not eret't, 
rigid, and stinging. In all other respects they suflSciently agree. The flower? 
in both are purple. The greater size of this is probably attributable to cultiva- 
tion, in which state only it is known. 

This brief description is accompanied by an excellent plate of the 
plant, natural size, w^hich is herewith reproduced, reduced one-half 
(See PL I.) The identity of this piant of Wallich’s is decidedly oh 
scure. It is extremely difficult to see how it can be a mere variety of 
Mucuna prurif a, as has been held by some authors, and it certainly li«^ 

» Wight, leones, t, 280. 1842. 
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nothing to do with the West Indian Mucnna pruriens. As Hooker* 
long ago pointed out, the striking differences between the West Indian 
ami the East Indian species are that the former has acuminate leaf- 
lets, whereas in Mucma prurita they are obtuse or obtusish ; Mucuna 
prunens has a loose raceme, while Mucuna prurita has a dense 
raceme; Mucrma prmiem has the calyx lobes triangular and nar- 
rowly acuminate, whereas in Mucuna prunta, they are rather broadly 
triiingular and merely acute; Mucuna prunem has a few inconspicu- 
ous: stinging hairs on the calyx, whereas in Mucuna piumta they are 
much more numerous and are conspicuous on account of their rusty 
color. The seeds of the two species are idso distinct. Tliosc of 
Mucuna pruriens have a dark, brownish gray ground color with lon- 
gitudinal markings of black. In all samples of Mucuna prunta 
exiimined the seeds are nearly black and luiicolored. It may likewise 
pointed out that the seeds of Mucuna. pruneruH are larger and not 
flattened on the sides, with the hiliunonly about one-half the length of 
the seed, while in Mucuna prurita the sides of the seeds are distinctly 
flattened and the hilurn fully two-thirds as long as the seed. 

Ill this connection the remarks of Voigt are of interest. Umler 
Mucima utilis he says: “ Certainly different from M, prurita^ which 
lias been cultivated in the garden here for many years, without its 
pods becoming less stinging.” Voigt further identifies M. utilis with 
the black bean of Mauritius and Bourbon. This last-mentioned plant 
has been grown during the past season at Biloxi, Miss. Specimens of 
it agree exactly with the plate of M. vtilu. It is also exceedingly 
I'rohahle that Mucuna capitata (Boxburgh) AAught and Arnott is the 
^aiiie thing, as the description agrees perfectly. 

It is impossible to consider the Florida velvet bean the same as 
Mucttyta utilis^ from which it has several marked distinctions. The 
prificipal points of difference are as folloAvs: The size of the pod^ that 
of Mucuna utilh being 4 to 4| inches long and inch wide and the 
Hoiida velvet bean usually under 3 inches long and not so wide; 
iht shape of the pod^ that of the Florida velvet bean being more 
cylindrical and blunt at the ends, less pronouncedly falcate, and not 
decidedly ridged longitudinally; the puhescence on the pod^ that 
ct Mucuna utilis being thin, “ appressed, and almost silky” hairy, 
^chile that on the Florida velvet bean is very dense, velvety, very soft, 
niul weak; tke shape and size of the seed, that of Mucuna utilis being 
i:*ige, long-oval, and flattened, whereas that of the Florida velvet 
^'can is almost spherical and of sinaller size; the color of the seed, 
^'iiich in the description of Mucuna utilis is not given, but from 

® Hooker. Eot. Misc.. ml. 2, p. 348. 1831. 

^Hortus Snburbaiuis Calciittensis, p. 23o. 
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tliB figui'<‘ the seed is not mottled or speckled, whereas the Floritla 
velvet bean is. A comparison of figure 1 and Plates I, II, and III 
will illustrate the difference between the tw’o plants. 



Pig. 1, — A cluster of mature pods of the 
Florida velvet bean. Two-thirds natural' 


The Other described species 
belonging to the .same group 
as the Florida velvet bean i\\y 
Mucuna cochinehinensk Lour., 
which has white flowers ami 
thick legumes, color of seeds 
not given; Miteuna capiftifu 
(Roxburgh) Wight and Ar- 
nott. with purple flowers and 
black sliining seeds; Muciim/ 
nii'ea (Roxburgh) Wight and 
Arnott, with wdiite flowers 
and ash-colored seeds; .V/'- 
cuna lyoni Merrill, with wliite 
flowers and ash-colored seeds, 
but quite distinct from M»- 
runa nirea: Mucuna reluthnf 
ITassk.. wdth purple flowris 
and six different varieties 
regards seeds, none of which 
arc at all like the Floimhi 
velvet bean; Mucima htn.'- 
teut(( Baker, with gray leave', 
broad, ovate, persistent bract', 
and pods covered with gray, 
velvety t o ni e n t w m w h c i: 
young; Mucuna )fia<-ror<ni>'i 
IVallich, with w^oody steiU" 
and very large, half-woo<ly 
pods, which arc 1 to 11 hvi 
long and 8 to 12 seeded; and 
Mucuna "Wight and Ai' 

nott, wdth very hairy brancliv' 
and densely silky leaves, 
pecially beneath, and 
covered with stinging h- a i re- 


size 


Most of the above spt’<aes 


and in addition three apparently inulescribed species, were grow n 
1908 at Biloxi, Miss. These species are all very much alike in habiu 
the most obvious differences being found in the calyx, in the charactei 
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tho itiilnwoenco on tho i)(xis, ninl in tin* slnijHx (‘4>lnr. :nul '-izo of the 
'(■rds I Ik‘ (lirt'eroiicns in the rlnirnrtiM* of tin piiho'^i i'iu e of the puds 
;ii\‘ sill'll 11 - to mnkt‘ it pnietinilly (ortnin thiit tliey luv -{loeilie- in 
ealue and not nieiely vnriidiil. 

In view of these fiietslhe Kloi idn \t'lve( iiean is herewith deseribed 
as a new species. 

Slizolohiitni '' di rriiioitiiiioii n. sp. An annuiii, tua'lineemis, <'liinl)in,i; viiu! 
scmn'tinios l!U meters in wlit'ii Ln’i>nin^ on siipiiorts, ami even (Hi (he 

a'niininjra lenjitli of from 'J lo n meieis, ("Mriiif; lon^i, iiemleiil ranmit's of 
niirple flowers wliieti prixliiee <larU. M'lvei.v I'.xls o or (I cent iiiu'U'rs lonun 
S((‘iiis ra’lier shaKka*. (ei'ett'. sjiarsely juilu'scent, with while, ;i]i| resse<l hairs, 
(■s]teciiili.v on the Petioles [in;: (n- ex<-iH>ilii!;: (la* leatlets. i)ub<‘se4‘iit 

like the stem, and conlimied for 2 (o t e(>iitiiiieU'rs lieyoml liie tnl(aal haitlels; 
siipuJes subulate, iiiilx'Srrin, iiboiil 1 ecMitimeter Ion;:: slipels siiiiilar init 
smaller: petiolules alMMit o mitlimetia-s tony', stout, ^■el■^■ luiheseeui, I.eallets 
I liombitkl-ovato, the lateral ones obliipie, im'uibranaeeiMis, acmniiiat^'-eiisiiidate, 
h to 1.0 eenlimeku's Ion;;, about half as broad, sparseiv puhcsront above, espe- 
I'ially oil the veins, more den.^'ty pnbesccn! hfUiMiii, tlie wliiie hairs closely 
. [ipressiHl, Intloresceiice a raceme or Ihyi'sus l.'i in :;(» c(‘iiliiiicnu’s [ou.l;, pendent, 
M-arin;; .a to hO powers, nsiiaily aboui 12; racliis like tii(> sicm. Imt more 
i iihcst-mn : ihiwers borin' siii;;]y or in Iwosor tlirees on short lateral hranchlets. 
Ilrm.ds laneeolatt'-siibnlate, very puheseein, early ru;:Mcioi:s. Calyx piiiK'sceut 
wiihiii and without with short, white, apprc^^cil liairs, 2 lipped, th(> upper 
;• hroadl>' trian;rnlar, tlie lower lip :l clefi. ilie loljes IriaiiLudai'-subiilate, 
■ia- middle one Ionym.st ; .sfin;rin.i; liairs a Iisnu. rorolla dark piiiple, :> to I ccntb 
iiicii rs km;;: standard less than half tin* leii;;tli oi ihc keel, dariu'i’ than the rest 
of ilic flower; win;;s slipdilly shorter than the keel, ratlier hi'oad, ohl.-im-eolate- 
o!doii;r, obtuse; keel .sfraii^ht to near tlie tip, wlieiv' it cnincs sliar]ily upward, 
the tip firm and acute; anthers of two sorts alti'i'iiately loii;; and short, tlie 
'alter on iiuich bi'oader filaments; ovary linear. piilK'Sceiit : style liliforin, 

; ubescent nearly to tlie til) ; sti;;ma small. lN)ds wtuMi mature r, to d eeidimeiers 
Xu;:, tiiivilh densely covered with a soft, nearly lilack, wdvety pnlK‘scciic(' witli- 
‘ Ilf stiimiii;: liairs; xnilves with 1 or 2 or soiuct iiiii's d obscure loii;:it ndinal 
iid.;:es. Seeds too in each jiod, snh^dohose. marhied and speckled with lu’owu 
or black, and sometimes both, on ;isli-;:ray ;;roimd color (lliuui:)i pure ;:i'ay and, 
it is said, imi'c black occur rarely), 1 to l.n centimeters hi diaiiicPT. Ililniu 
into. obloii;;-erateriforin, less tlian one-half the Icnydli rjf tlie see<l. 

■’Lhe ;;oiius Mnciimi, ns recopiized l)y P>enth!iiii tfc Hooker and Kngler & 
I’ratitl, clearly consists of two distinct genera, as ixiinti^l out by i>avld I’raln 
cloiiriial of the Asiatic Society of Bengal, vol. 00, new series, ]). 404, 1S071. 

The genus >rnciiiia is first publislied in Adaiison (Fam., vol, 2. p. d2o, 1702,) 

■■ : d the type species is Mucuna ufcns. The genus Stizolobium was first j)nl>- 
‘ 'bed by Patrick Browne, in 17r>fi, in his history of .Jamaica, and tlii* type 
^i^i'cies is ^tisolohiidii iti urwM. The two genera are easily distinguished by the 
^"d. la Stizolobiiun the biluin is linear, elevated, and ohlonuMniteritorm, 
^■'^tciidiiig from one-fifth to nearly oiie-fonrth the cii’ciniiferem e of the seed. In 
d icuiia as restricted to im lude such siiecies as iiuvunu the liilnm is 

-■‘K'h elongated and band-like, extending nearly all the way around the see<l, 
!■ 'uthermore, Mucuna is hypogeous in geriniuatlou, while Stizolubium is not. 
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This description in based niaiiily on specimens in the United States 
National Herbarinm collected hv S. C. Caiieton, Argo, Fla., in ISiHl. 

(Vmunon mime, Florida velvet bean. The original source of tin* 
species is unknown. At present it is cultivated extensively in Florida 
and to a less degree elsewhere. 

The name (h’crimjhrnurn is given to this plant in honor of William 
Deering, of Cocoaiuit drove, Fla. 
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THi: IMFORTAXCi; Ol- BROAD BRIiliDlXt; 
IX CORN. 

By tt. X. (V>i,r.i.\s, As\isfaii( fi<}tanist. 


INTRODtrCTION. 

A sludy of dio primilivo typos of com niiil tlio liistory of I bo inoro 
protliictivo vnriotios alibrds niniiy indications (hat (lie iinprovouient 
of our variotios is boiiitr cliockod by the injurious (dlVcIs of inbroed- 
i!iy^ and that a furtbor advanco can best lie s(‘cinvd by more fully 
.-atisfyin^ the natiii-al miinnunoiit of cro^s-fcrtilizatiou. ddic con- 
'>pir'nous increaso in yiolil (bat ivsulls from (bo crossin^^ of disliin-t 
varieties and tlio rapid deterioration that follows self-pollination 
brori^ly support (bis \ iew. Tn fortunately (lie moi'o ns’cnt cbanj^(“s in 
(lie methods of breeders have not b('on In the direotion of better pr<o 
vision for cross-fertilization, but toward a still clo-er ap])roa<-b to 
self-pollination, the attempt beini: made to apply to corn tlieori(*s and 
methods derived from ])]auts naturally adapted for self-fertilization. 

Tiitil recently, the study of evoliilioji and heredity has had little 
elFect on the methods employed by breedejs of domesticated [>Ianfs 
and animals. Improved varieties were develope<l before Darwin's 
time in muck the same way that they have bexm sinc<‘. ^^d)ether tli<‘ 
doctrines of Darwin or those of Lauiai-ck, Xae^eli, AVeisinanu. or 
Cope should be accepted as "ivin^r coi'rcct interpretations has semned 


breeder. 

It is entirely dillerent with the recently elaborated theory of I)e 
^ ries. Converts to this new hypothesis have not i)een slow to claim 
diat it has an important practical Itearing, especially wlnm taken in 
‘ onnection wdth the facts of Mendelism, Serious changes in the 
»nethods of breeding are being urged that are likely to have very 
effects if they are generally applied to our varieties of 
hidian corn. 

The definite mechanical character of these theories and the facility 
'hli which they appear to explain some of tlie facts of heredity 
'’ nder them very convincing. There is a tendency to for^^et their 
‘■''Stations and overlook the fact that whatever their value with 
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rlose-fertilized plants like wheat they are entirely inapplicable to a 
cross-fertilized plant like corn. 

The popularization of the liew theories has continued until they 
are now not only urj^ed as a basis for scientific experiments in breed - 
iIl^^ hilt are even recommended as a guide for the practical farmer. 
It is assumed that uniformity is a normal condition. Xew “cle- 
nieiitarv species'’ are supposed to originate by sudden changes and 
tluMi to remain uniform, so tliat no further change is possible aftca* 
a “pure strain" has Ijeen isolated, until new mutations occur. If 
these, theories were correct, then it Avould be true, as De A'ries main- 
tains, that the breeder is wasting time in attempting to ameliorate 
varieties \)y the continued selection of minute variations after the 
elemimtary species have been isolated. * 

d'lie luindreds of improved forms of domesticated plants wliich 
have been dei’ived and maintained by continuous selection through 
long periods of time sufTiciently refute the claim that selection is 
inefi'ci-tive and sliould warn breeders from the danger of abandoning 
too soon a system which has yielded su(*h brilliant results. .Vs 
a[)plied to (‘orn the De Vriesiaii doctrine is }nirticularly dangerous, 
since it would re])Iace the already close selection by a method of still 
narrower hi-eediiig, the nearest a]:)proach 1o self-fertilization that is 
possible with a cross- poll inn toil plant. 

Independent of these theories, many corn breeders have been aim- 
ing at unifoi’mity, and sucli will doubtless welcome this apparent 
justitication. It is ])erhai)s fortunate for llie progress of corn breed 
ing that the wide promulgation of tliese theories has been delayrd 
until the fallacy of the sy.4em of close breeding is beginning to h<' 
a])i)reciated and the more thouglitful and observant of our corn breeil- 
ers are viewing with distrust tlie system of close selection and arc 
casting about for an alternative method. 

DEVELOPMENT OF THE PRESENT METHODS OF CORN BREEDING. 

Stated broadly, the object of breeding field corn is to produce 
varieties that will give the largest yield of grain under given condi 
tions. The latitude allowed by this simple object gives the ci'im 
lu’eeder an advantage over the breeder of more specialized ci‘ 0 |''^- 
an advantage which has not been fully appreciated. The varici:' ' 
of sweet corn fall more nearly in the class with vegetables, and tic* 
many special requirements, such as taste, appearance, and uniform 
make their improvement a much more complicated and very differ' !■' 
problem from that of the improvement of field corn. AVith h- -'i 
com the development of varieties with special qualities will ; 
become an important consideration until the possibilities of corn a - 
human food are much more fully appreciated than at present. 
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In tlie early stages of corn l)reo{ling il. was thouglit sufficient ti) 
select the largest and best-filled ears for seed. IVith the idea that 
like produces like, this was obviously the wav to increase the size of 
tlie ear. It was soon found that souie of the plants tliat produced 
large ears had undesirable characteristics and selection was nioved 
from the crib to the field. 

The next stage was reached when it was realized that, though the 
ear was large and well filled and the plant had no ohjis'tionable fea- 
tures, some of the plants failed to reproduce their desirable character- 
istics in subsequent generations. The finest plants arc soineliines due 
to particularly favorable locations in the field rather than to inher- 
ent superiority. This led to the study of the behavior of the progeny 
of partietdar ears before deciding whether they were worthy of 
being used as the foundation of new varieties, ami the so-called 
ear to ro^y ’’ method of selection was developed. These more labori- 
ous nietliods of breeding have all operated to limit the number of 
individuals tested and to restrict the ci’ossijig. 

Tlie iucreased yields which follow an intelligent application of this 
iiaTliod of selection wlicn ajiplied to an iininipi'ovcd stock luive caused 
two important factors to be largely overlooked: (1) The niiiuber of 
jtlants from which carefid selection can be made by any om^ ]ierson 
is reduced fi'oin tliousamls to hundreds with a convsjiondingly re- 
duced chance of securing the individuals really superior as breeders; 
(if) these, nietliods restrict the free ci'ossing that is normal to the 
species, unless accompanied by the extremely laborious method of 
hand-pollination, whlcli still further reduces oppoi’l unity of sele(‘tioii 
and renders the method inadeipiale, excejit wIutc experiments are 
♦ ondiicted on a very large scale, beyond the reach of the average 
farmer. 

Ft has long been known that self-pollinated ears yield plants of 
gteatly reduced vigor, and that a few generations of self-pollination 
'i^ually result in sterility. Vet in spite of this obvious danger sign, 
ni'arly al! of onr corn breeders have continued to produce varieties 
the narrowest possible foundation, often by using a single ear 
the basis of the new variety and taking measures to prevent the 
hfingiiig ill of any new strains for fear of contamination. 

Had corn breeding developed independently the danger from nar- 
= '’W breeding Avonld doubtless have been more fully appreciated, but 
•'aalern corn-breeding methods have been largely adapted from meth- 
that have proved successful with other crops, such as wheat, oats, 
•‘'id barley, in which self-pollination is the rule, With self- fertilized 
'!j‘T‘ies it is as safe to start a variety from a single plant as it is 
"tart a variety of apples from a single bnd. Furthermore, these 
•'^''ugamons strains tend to show great varietal uniformity, and the 
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<lc<^rec of this uniformity is regarded as the measure of the purity 
of the strain, ^^’ith (>orn, conditions are different. It is normally 
interbred and noi'inally exhibits consideralde diversity in conspieiioiis 
<‘]iaracteristics — <liversities difticnlt to suppress even when the closest 
s^deetiou is ])rac‘tieed. 

irNirORMITY NOT ESSENTIAL IN CORN. 

In the oiillivation of many plants varietal uniformity is <a prime 
reqni.site. and with plants where seed is not tlie part for which the 
erop is grown tills uniformity may be secured by narrow inbreeding 
and naiTow selection, without imminent danger of deterioration. 
W ith many plants a reduction in the <]nantity of seed or in its germi- 
nating power is of relatively small importance. Close lireeding may 
be mressary and permissible in such crops as beets, calibage, lettma*. 
<M* tobacco, where uniformity in vegetative (‘haracteristics is re(|uired. 
It may be profitable to produce uniform varieties of chickens, dogs, 
or ornamental ])lants, even though such varieties may lie short lived. 
Ihit the fancier's methods are not applicable to field crops. The corn 
grower receives a relatively small part of his iirofits in the form of 
prizes awarded on the scorecard method of ‘‘point ratings." yet. 
except for the seedsman, this is the only monetary advantage in pro 
ilucing corn with perfectly uniform ears. That a corn planter shviiild 
ocoasionally dro]) four or five grains instead of three in a hill is about 
the only reason that can be given for insisting upon uniformity in 
shape and size of kernels, and an occasional white speck in the yellnw 
corn meal is advanced as sufficient warrant for the careful elimimo 
tion from yellow varieties of all ears with white cobs. The de-ire 
for uniformity does not always have even these excuses. It is even 
urged by some breeders that the tassels and silk must be uniform in 
color, that the ears must be uniform in shape, with a fixed numl'cr 
of grains to the inch. There is not even a fancied pecuniary aib 
vantage in this, but it is held that diversity in even these iinessenti:tl 
characteristics stamps a variety as mongrel and therefore undesirable. 

lAveii the universal insistence upon large ears may not always ht^ 
advisable, for it has resulted in the development of plants beariuL' 
iiingle ears instead of tlie two or more ears that are normal to tljv 
vSpecies. W^liere the season is short the limitation to a single ear i-' 
decided advantage, but under other conditions a plant producing 1'' ” 
or three ears of moderate size mavt- yield a quantity of shelled cf-n: 
that sufficiently exceeds that on a single large ear to more than oil'* ! 
the additional cost of harvesting. 

CONFUSION REGARDING THE TERM UNIFORMITY. 

A misunderstanding regarding the meaning of the term iinifoi’c ■ 
ity has done much to spread the practice of inbreeding 
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worked jrreat injtiry to tlie muse of corn iniproveineiil. 'Fo (he few 
successful breeders who have juodiieed varieties of lasting value 
uiiiforiJiity lias not si^niified an identity of nieasiirable characters, 
but is a kind of similarity of exj>ressif)n, so to speak, by whicli tlie 
breeder recognizes a family reseinblan<‘e, much as we I'ccoj^nize tlie 
j-elatives of our intimate friends, aUhon^di at a loss to imiicnte 
wherein the resemblance lies. Thus to an experieneed breeder two 
ears of corn, with measurable characters that (‘oincide as I'losely as 
piKSsible, will immediately be recognized as beloiiirin^^ to ditferent 
types. The ears and p*ains may be of the same size and shape, the 
color and indentation the, same, yet to the practical hivcthu* the two 
ears would appear to be lackiii^^ in unit'ormity. ("onversely, ears 
which are obviously dissimilar in these [larticulars will ])romptIy ho 
recognized as belonging to tlie same strain. 

The score card was an attempt to reduce this intimate ami almost 
intuitive knowledge of the practical breeder to an exact science for 
wider application, but it has proved a lamentable failurt^larnenlable 
because it gave rise to the idea that (he uniformity of score-card 
ratings was the kind of uniformity w^hich simcessfid breeders con- 
sidered essential to valuable strains of corn, and because uniformity 
in score-card ratings can only be secured by I'igid inbreeding. 

CULTURAL TENDENCIES TOWARD INBREEDING. 

The cultivation of corn is of very great antiquity in America, and 
the cultural operations to which it has been subjrs'ted from the earli- 
<‘st periods have differed radically from those applied to other ('fops. 
^Vith primitive people the seed of other cereals is unavoidably mixes I 
in planting, but corn is usually stored on the cob and the ears used 
for seed are carried into the fields at the time of planting, and the 
kernels shelled oft* as they are to be dropped into the ground, dims 
tli(‘ plants from the same parent ear grow iij) together, and with 
most primitive tribes, though the plantings may be considerable in the 
aggregate, the individual fields are in most cases so small that one 
'“1' two ears will often suffice for the entire field. The opportiniitv 
("!' crossing is thus very slight. It would be natural for even the 
ino't primitive man to select for seed the largest ears or those that 
j'^irticularly caught his fancy, and the same type would be selected 
V'-ar after year. The seed cars also figure in many religious cere* 
•iHinies, which no doubt tendsto th^ establishment of definite standards 
of ^election. 

It is universally believed by the Indians of Central America that 
tile varieties of corn in each locality are best adapted to that locality, 
‘*^‘'■'1 that other varieties brought in from other regions never yield 

well. That this belief is well founded has been demonstrated by 
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the nil me roils experiments of European settlers in tropical Americii, 
who are prone to regard as superstition this native belief and to 
import improved varieties from more or less distant localities. The 
failure is iisnally so complete the first j^ear that the experiment is 
abandoned. This abnormal behavior of corn under new conditions 
intensifies the close breeding, and the close breeding in turn operate' 
against the interchange of varieties by making the adjustments to 
the particular environment more delicate. That these primitive 
systems of breeding have not been indiscriminate is shown by the 
great nnmher of Avelhdofined types that exist among the American 
aborigines. 

Among a number of primitive tribes where the cultivation of corn 
has reac'lied a high state of development, the injurious effect of thi' 
close breeding appears to have been recognized, since tliey have metli 
ods of guarding against it. Thus the Indians in the region of Qiu‘- 
zaltenango, in western (Tiiatemala, and the llopi Indians of Arizona 
make a regular practice of placing seeds of more than one local 
variety in eacii hill, with the idea that larger yields can be obtained 
in this way. 

The very general fact tliat the immediate effect of crossing two 
closely bred strains is to increase the vigor is well exemplified in com. 
Although this increased vigor of first -generation hybrids is well 
recognized by many pra(*tical eorn breeders, the value of the fact has 
been largely obscured by the idea that the hybrid must be considereil 
as a new variety and that uniformity must be secured l)efore tlie 
results could have general application. To attempt to estahlislt imi- 
formity by a new course of selective inbreeding is to sacrifice the 
vigor gained by crossing. 

Attention has been so persistently centered on the production of 
new and uniform strains that the yield and vigor of the first genera- 
tion of hybrid plants as compared with the parents is seldom reported. 
In all the cases that have come to our attention the yield of the 
hybrid ha.s been in excess of the average of the parents. Five cax*- 
reported by Morrow and Gardner,® of the Illinois Agricultural lA- 
periment Station, gave increases over the average of the parent- 
running from 1.9 per cent to 28 per cent, with an average increase 
14 per cent. AfcChire,^ of the same station, also reports on 12 differ 
ent hybrids of sweet, pop, soft, and flint varieties; 10 showed 
increase in the weight of the ear in the first generation over te.c 
average of the parents, and one of the exceptions is explained by lA- 
author as being due to unfavorable situation, the decrease in 

“Morrow, G. E., aiK^ Gardner, F. D, Bulletin 2.5, Illinois Agricultural E.^i •' 
iment Station, p. 1T9. 1893. 

^ Mctniire, G, lY, Bulletin 21, Illinois Agricultural Exiieriiuent Station, i'- 
1892. 
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other case being 4.0 per cent, while the average increase for tlie whole 
series of I'J. crosses is 10 per cent, ninnijig as high as 5'2.B per cent. 

If similar increases had becji secured by any change in cnllural 
methods, experiments to determine the range of ai)plicabili(y of the 
new method would have been pnunjdly inaugurated and the true 
value of the facts ascertained. Althougli the fact has long been 
established that significant incicases can be secnnal by crossing, wo 
are still without knowledge regarding the conditions necessary for 
this increase. It is to be exj)eeted that the increase will be greatest 
between strains that have been closely selected, but there is no direct 
evidence on this point. ^Xc should also lose no time in securing 
information regarding the aiiiount of dilference that should exist 
between the strains crossed to setmre (he maximum increase of vigor. 
There is a wide and almost untouched field in tliis direction that will 
require an enormous amount of exjieriineiit and ohservation before 
justice will have been accorded to this possibility. 

The definite and welhknown facts that self- fertilization of <‘orn 
inevitably leads to sterility and that the yield can be increased by 
the crossing of varieties have notbeiMi siifliciciit to :ittra(‘t attention to 
the dangers of inbreeding and close selection. Xo middle course 
1x4 ween the indiscriminate planting of tlie general run of seed and 
the rigid selection of a definite type seems to have been seriously 
considered. Had it been realized that divei'sity is as necessary to the. 
life of the si>ocies as is chlorophyll to tlie life of tlie individual plant, 
it would have been evident that one might as well laved to eliminate 
the green color from the leaves as to snjipress this iionnai valuation, 
From a consideration of the habits of the plant the course suggested 
in undertaking the improvement of corn would lie to seek tlui licst 
methods for continuing to combine distinct strains, thus utilizing 
the increased vigor and productivene.ss resulting from their inter- 
breeding. 

While the crossing of our more or less inbred varieties may confi- 
dently be expk'ted to result in increased vigor and fertility, it is 
iiardly to be expected that the full amount of the increa.se in yield 
that follows such crossing can be maintained in fuiure generations. 
The probability is that a part of the increased fertility of the hy- 
brids will prove to be confined to the conjugate generation : that is, to 
Ifie generation immediately following the crossing. In this genera- 
tion male and female elements, representing the two parent varieties, 
present in the nuclei of the*plaiit, but have not completed the 
]>rocess of conjugation, with the result that a sort of protoplasmic 
tension exists, in some way associated with increased vegetative and 
t ^TEoductive activity.*^ There is good reason to believe that this is 

'• ‘ 'wk. O. F., and Swingle, W. T. Evolution of Olliiliir Structures. lUilletin 
Enreau'of Plant Industry, U. S. Departineut of Agriculture. 
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tla* itase in oertiiin cotton hybrids, and if it should also prove to be 
an iiii])ortant factor in the increased yields of corn hybrids the 
results ^vould warrant the production r)f hybrid seed in a breedini: 
])lot each year for field plant injj: the folhnvin^ yc4\r. To secure 
liyhrid seed it w(jiild only he necessary to plant two distinct varietio 
in alternate i-ows, detasselin^ one variety and usinjr the seed from 
the detasseled variety for the nvxt year's general planting. Seed 
from the vai‘iely (hat was not detasseled would not be mixed and 
selections could he made to supply the breeding plot for the two 
following years, lly detassel in g the other variety in the next year a 
stock of i>iire seed of this also could be grown. By this system of 
alternation pm-e stocks of seed of the two varieties could be main- 
tained. There would be produced every year a stock of hybrid seed 
for (he field i)lanting of the next year and a stock of pure seed of one 
of the varieties for planting the seed plots of the two following years. 

d'he same result could be approximated by planting in the same 
May and detasseling one of the varieties in one half of the field ami 
the other variety in the other half of the field. By this metlioil 
seed of botli the varieties Mould be secured each year, but there 
Mx>uhl be considerable indiscriminate crossing. 

The fact that corn is M'ind-pollinnted makes the continual pro 
duct ion of conjugate or first-generation hybrids on a commercial 
scale immensely more practicable M'ith corn than M'i(h any otluM’ 
field crop. 

Ill still another M'ay the artificial crossing of tM’o varieties may br 
exi)ected to increase the yield. With such hybrids none of the seed 
is self-pollinatod, udiile Muth the crop groMui in the usual M^ay the 
percentage of self -fertilized grain must be very considerable. h\ 
most of our varieties the natural proterandrous tendency of corn ha- 
been reduced, until under ordinary climatic conditions the pollen cl 
nearly every plant is still being shed M’hen the silks become receptivi . 
Unless the M'ind is bloMung M'hen the pollen is shed a large amoimt 
of self-pollinatioii is inevitable. It is to be expected, therefore, thai 
any method of treatment that M'oukl eliminate or reduce this >eli 
pollination M'onhl result in an increase of the vigor and yield of tL' 
resulting corn plants, even M'ithout hybridization. The use of dela-- 
aded plants for the production of seed may thus be found wori;; 
M'hile, quite apart from the question vdiether detasseled plants theii 
selves yield more than those that are not detasseled. 

AVhatever may the true explanation of the increased fertility '^1 
hybrid corn plants, the fact remains that larger yields of corn t 
be secured in this way. The study of the methods by Mdiich tie'''' 
important factors can be made most effective should at least reetc " 
a place by the side of the study of elementary species and the 
of uniformity. 
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THE ELIMINATION OF ‘‘BARREN STALKS.” 

Another fnctor which hns worked fownrd the iiibreedinji: nud con- 
sequent deteriorrttion of hi<;hly bred vju’ieties of corn is the reinovid 
of the so-called “barren stalks." The eliniination of nonproductive 
plants is undoubtedly desirable, but the rtanoval of barren stalks as 
usually practiced is not a step in this direction. .V truly l)arrcn stalk 
is one tliat fails to produce secal. 8o far as the s(‘ed is <*onc(U’ncd, 
therefore, this (diinination is aiitoinatic aii<l inevi(abl<‘. but it has Ikmui 
iir^e<l tliat the barren stalks niiisl Ix' reniov(‘d lad'ore tli<*y piaxluce 
pollen, on the tbwry that pollen from barren stalks is likely to cause 
deterioration in the jiro^nuiy of iicin:]iboi‘iii^^ ])lanls. Mdun't* this 
practice is followed it results only in (be detasseUnii' of all proteran- 
drons plants, for. as pointtal out by Soule and \hniaibu-," it is inifios- 
vible to distinguish the truly harivu jdants at (he time of tassel ing. 
With many varieties, es|)ecially (hose whir'li liave not liecn suhjccttal 
to rigid seleetion, some of the plants wliieli (‘vumlnally piuve to he 
(lie most pi’olific show only small nidinumts of ('a is at (h(‘ time of 
lasseling. The continued removal of such ])lanls results not in the 
elimination of barren stalks, luit in (he elimination of the jilaiits 
uliicli ])ossess a valuable adaptation to avoid sidf-polll nation. 1'his 
weeding out of the more ]}roterandi‘oiis individuals lias beiui eonlinned 
with some varieties until tin* majority of (be plants prodma’ stamiiiab' 
and pistillate flowers at the same time. When tlies<‘ varieties tlow(‘r 
in comparatively still weathei', lluu'e imist be a lai'g(‘ proportion of 
'-'■If pollinated seed and a eonscipient wcak(‘ning of t}i(‘ vari(‘(y. 'I’bis 
IK'i'sistent tendency to proterandry can be thought of .as a natiir-al 
I'caetion of the species against the danger of ('xtinetit)ii li'om Inbreed- 
ing. Even the true barren .stalks might i‘(“]n‘esent a ((uideney on (be, 
part of the plant to l)ecome dina-ioiis. In localities with very short 
"casons it may be well to diseriminate against llie timdeiicy in the 
plant to put out eai’s too long after tb(‘ tass('l lias iiiatinaal, Imt 
‘■hewlicre the avoidance of self-poll i nation is moiv impoi'tanl. 

CONTINUOUS IMPROVEMENT THROUGH SELECTION. 

I he fact that narrow breeding in corn results in a reduction of 
'Wmr has remained unappreciated largely because nai'row brers] iiig 
always accompanied by selection for yield and vigor. Ihr' two 
ptdcesses are oj^posed, so that movement in citluT dirtvtion is masloMl 
‘"i't counteracted. Varieties thus* jDi’odnced arc delicately adapted 
to dif‘ exact conditions under which they have licen selected, and often 
"^•ow marked deterioration when placed under new condition.s. 4 he 
delicacy of the adjustment helps to insure the much desirerl 

° Bulletin 16.5, Virginia Agricultural K.xperiiuent Slatiou. 
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uni fortuity, for with niiy (‘lutnge of characters the debility of the 
stock lK‘coiiies more manih^st and the elimination of the variant indi- 
viduals is certain. Increased yields are obtained by making tin* 
yield <jf the individual plants more uniform, oven wlion the full pos- 
sibilities of pnaluction are not approached. The best plants of a 
highly bred variety are not conspicuously jnore prolific than the best, 
individuals iti fields from unselected seed.^ 

This failure of varieties to continue to improve in vigor and 
foi'tility under eontinuoiis selection gives apparent support to the 
i<lea of I)e Vries tlnit the initial sele(‘tion of '‘pure strains” is the 
only ])rr)gi'ess that can be expected. It has already been seen that 
attempts to secure increased vigor by clos(‘ selection are iin|)i.Mled by 
the wealaming efiects of inbreeding. V’heii selection is not ham 
pered in this way, hut is directed to characters not dependent on 
vigor and ferlifily, and consecinently not afieeted by inbret'ding. 
continuous progress may be made. Thus in the selections made hy 
Hopkins for high and low protein content, rapid ami continuous 
progress was made and an extnune Wiis reached far in excess of 
anything observed in the original sample. The last re])orts show 
tliat the plants were no more uniform witli respect to these eharaeter- 
than at the heginniug of the experiment.^ 

Though necessarily impeded In' inbreeding, important a<lvau(‘('> 
in yield have been made by means of close selection, but the value 
of these im])rovements should not be allowed to obscure the fact tluif 
tlie full possibilities of production arc not reached until the iiicre- 
ment of vig<u‘ obtained by erossing has been added. Even if the 
yields obtainable by crossing were not larger than those to be securi'il 
by persistent close selection, it is easier to permit crossing than it i- 
to provitlc the very careful ami skillful selection required to inaintaiti 
high yields ^Yitll()ut crossing. To use crossing as a means of siisiaiii- 
ing fertility, insteiid of relying upon selection alone, Avould also ki***}' 
our stocks in more normal physiological condition, more resistant to 
disease, and less liable to injury by adverse conditions. 

SUMMARY. 

The development of the })reseiit methods of corn breeding lias yq- 
suited in greatly limiting the numlxu’ of individuals that serve a- 
foundation for improved strains. The danger of this course, 

It has recently pointed out t>y Mr. 0. V. Cook that the apparent :.'l- 
vantajje of selection is greatest in degenerating stocks. See Vuilletiii 140, }Un ■ ' i 
of riant liidnstry, V. S. Department of Agriculture, “The Superiority of < 
Biveding Over Narrow breeding.” 

* Smith, Ij. H. Ten Generations of Com Breeding. Bulletin 128, 
Agricultural Exi)erimeut Station. 1908. 
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shown by tho sterility of self -poll inaUMl plants. Inis Ih'(mi unheeded, 
largely been use theories and nietliods have been carried over to <*oru 
from other erojis which are nonnally self-pollinated or where a higli 
<legree of uni form ity is essential. 

Great uniformity is of little or no eeoiiomie value in (‘orn varieties, 
and since it can be ae(piired only tliroiigh close breeding it is actually 
undesirable to the grower, ^I'lie natural re<)uirem(U)ts of cross- poll illa- 
tion make the [irohlem of corn im[)rovement entiridy ililfereiit from 
(hat of most of our cultlvat(nl plants. 

Selection for incivased yield with the nia.\imnni instead of ih<‘ 
minimum of cross- [need ing seems never to liave heiai tried as a seien- 
hfie (‘Xjieriment. On the otlau’ hand. llu‘ faniau's of onr corn-grow- 
ing regions liave pi’actieed a system of broad breeding by clioosing 
many eai’s from widely sealtered jilants in largt' fields and mixing the 
sliellcd eoi'ii before planting. Much of the basic improvement of our 
emn varieties may he ascribed to this system of increasing and main- 
taining vigor and fertility. 

An effort to I'ednee the intimate inluitiv(‘ knowledge of llu' siu'eessful 
hi’ceder tomeasurahle charactm-s bask'd to the dev('lopment of lh(‘ score 
eard. Instead of accomplishing the desired I’csiiH, tin* scoiv' rani 
lias operated to intensify the closeness of si'ka-tion. siiu'c uniformity 
in formal characters can he secured only by eIos(‘ hrecfling. 

Although tlie methods (hat olitain among ilu* primitive tribes of 
corii-gi’owing Indians indicate that I'orn has hei'ii siihjei h'd to narrow 
breeding from remote times, tlie more inti'iisi vi", fotan of narrow 
breeding has been practiced for little more tlian a deiaide, yet the 
'k'hilitating effects of this method are lieconiing apparent. 

That corn is benefited by additional crossing, even wIhui grown by 
primitive methods, is indicated by (lie custom which soiiu' tribes 
liave of regularly mixing distinct strains to incivase the yield. 

It is abundantly demonstrated that the crossing of distinct vai-ieties 
gives increased yields.® AVith the idea that only unifoi'm varii'ties 
'■viild he of value tlie practical importance of this fact Inis l>een over- 
IfHiked and the gain has been limited by suhs('f|iient inbreeding of the 

'After tliis report was sulnintted in January. lOOU, an article apix'an'd hy I>r. 
M. East, of the Coiiiieeticut Atii'icuKunil Exiierinient Station tsee Anieriean 
^i'Miralist for .March, TOOO). descrihiii;: additional instances of incn'ased yields 
'orn hyln-ids. Thirty different crosses between \arietles W('r(‘ j^rown in 
'■“•"I'arison with the parent varieties, with tho result tliat “ In I'very easr an 
ui'TfMfje in vigor over the jiarents was sliown I>y tlie crosses.'’ In tiic four 
'■' s hi which the yields ^\ere inea.siired the i^roduct of the hybrid exceeded 
d;;i( (if either parent, the increase of the hybrids o\'er tlie parents averaging 
‘‘ !'<‘r cent. Doctor East also cotisiilers tlie practicability of [irodncing hybrid 
^‘‘'1 for coimnercial plantings and outlines a method la'actically identical with 
^hggested here. 
t41_IV 
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liybrids. Sliould the increased yield of hybrid plants prove to be 
greatest in the first fjeneration or should the complete elimination of 
self- fertilization prove an important factor, it is qtiito practicable to 
maintain a continuous supply of hybrid or cross-pollinated seed. 

A study of the habits of the plant from the standpoint of cross- 
fertilization makes apparent the nature of the so-called “barren 
stalks," wliich may be thouj^ht of as an adaptation to avoid self- 
])ollinatioii. The elimination of those proterandrous plants results 
in incrcasinf>; the percent aire of self-j)ollinated plants and is a prac- 
tice of doulitful valu(‘. 

The ill eirects of inbreeding and selection for increased yield and 
vigor have tended to neutralize each other, and the consequent lark 
of continued i!U[)roveinent has lent color to the idea that continuous 
selection is inetfeetive. With <‘haracters that are not affected hv 
< lee ceased vigor continuous advance has been made by selection. 

1 11 — 1 V 
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THE PRESENT STATUS OE THE. CHE.STNUT 
BARK DISE.ASE. 

Hy IIavkn .VlKTCALb, I'/t t/mj/v/c, ;ui*1 .1. I^'kwki.in Cor.i LVH, Special 

A {/rat, Iin'c.siiffdtii/iin hi / Vj/v.v/ hathohujtf. 


HISTORY OF THE CHESTNUT BARK DISEASE. 

In 1004 Mr. IL W. Aferkc'l, of tlio New TAn’k /(jolo^iciciil INii’k, oli- 
sc’i'ved a disease which was desiroyin^^ iiiiiiiHers of (Tieslniii 

trees in the city of Xew Aork. This di.seaM' is wliat is now known 
as the eliestniit l)ark disease. Imvii at tlial tilin' it is eei’lain that it 
had spread over Nassau Comity and (ireater New York, and hail 
found lodjLnnent in the adjacent count iivs of (’niinei-ticiii and Xew 
Jersey. Xo earlier observation tliaii tliis is recoi'ded, but it is evident 
that the disease, which would of necessity have made, slow advam'i^ 
at first, must liave been in iliis general locality for a iiunibci- of years 
ill order to liave ^niined such a hnithold by 1001. ( 'oiispiciioiis as it 

i', it is strange that the fungus causing this disease was not obsi'rved 
<‘r collected liy any mycologist until May, Iiit)u, wlieii specimens w(‘re 
received from Xew Jersey by Airs, F. Patterson, the Mycologist 
'd the Pureau of Plant IndiistiT. In liic same yi'ai* i)r. AV. A. 
Ahirrill began hi.s studies of the disease, piililishiug tin; jh'suIIs in llie. 
summer of lOOB. By August, 1007, spe<'im(‘us la'ceivi'd liy this 
Ihireau .showed that the disease had reacTusl at least as far south as 
I'renton, X. J., and as far north as Poughkeepsie, X, AT, and was 
jaead generally over AVestehester and Xassau eoiiuties, XT AT, Bergen 
t minty, X, J,, and Fairfield County, C'oiin. 

PRESENT DISTRIBUTION. 

Ihe present distribution of the chestnut hark disease is sliown on 
Hie accompanying map (fig. 2). *f5y this it will he seen tliat iiifec- 
^^*^0 is noiv complete in the general vicinity of the city of Xew AAirk. 
^hitside of this area the disease already occurs at scattering points 
“0 a number of States. In every case its occurrence ha.s been deb- 
’'Hidy authenticated by specimens which have been examined iniero- 
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is<:o[)i(*iilly. Kuports luivi*. n'ci'ivi'd iiidicatin^f that the disease 
is found at iiuiny otliei* plaecs, hut not hoiii^ substantiated l)y 
Specimens (In^se localities have not been shown on tlie accompanying^ 
map. U is only fair to state, however, that such reports have been 
received from j)oints as remote as Cape Cod, AVelleslev, atul Pitts- 
field, xMass. ; Kochesfer and Shelter Islantl, X. Y., and xVkron, Ohio. 

The bark <lisense is entin‘Iy ditIVrent from a diseiise which during 
the, past twenty years has caused the death of many chestnut trees 
<ni the xVtlantic slope, particularly south of the Potomac River. The 
l.itt(‘r <lisease, whicli is now bcin" studied hy the Department of 

Aj^i'icnhni'e, is asso- 
ciated with insects, is 
much slower in action 
than the bark disea-e. 
and produces a sta^- 
hoaded condition of tin' 
tree. It can be (jMitr 
confidently stated tliai 
lli(‘ liark disease <h:r^ 
not yet occur south of 
Virginia and at only a 
few points in that 
State. 

investigations air in 
[irogress to deterniiiie 
(he origin of the bark 
disease in .Vmerica airl 
ihe details ivganllin: 
its spread. Tliethcni v 

Flc. 'J. M:ip of tilt' t'iisti'rn portion of the' L'Ditotl Stall's. advailCcd 111 a in'Cl’l^ai- 
saowiii;: tiu’ disf I’iUul inn of tlu' oln'stn\it Lai’k iJis- . , . . £ ‘ 1* 

t'ast'. 'riu' lioavily sliadt'il I'urt shows flic couutu’s inU)llCatlOn ot tllP ‘>'1 
wlii'rt'in infoction is already complete. The roimd rcaiiy that the Jajtaii- 
dots show other pomfs where the disease is positively i ^ i 

known to occur. cliestllllts V flV 1 !h' 

original source,, cl 

infection, has been strengthened by many facts. It yet lacks imab 
of donioiistration, however, and is still advanced only tentatively. 

AVhile the disease has spread principally from the vicinity nf 
New \ork there is innch to indicate that it occurred at other poniP 
at an early date. Chesters Cytospora on a Japanese client mir. 
noted at Xewark, Del., in 1002, ma^^ have been the bark dU'';i"‘‘- 
OUservations by the junior writer indicate that this disease nhiy 
have been present in an orchard in Bedford County, Va., as c:irb 

“Bureau of riant Industry, U. S. Department of Agriculture, Bullcii!' r;l. 
Part VI. 1908. 
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as 1003. and lliai in T^aiK‘ast(‘r (\)iiiity, Fa., it pi'i^lmhly was jm‘s(‘ lit- 
as early as 1005. All other jxiints sliowii on the inap outside of the, 
area of general infection apiiear to have been infeetinl only witliin 
one or two years. 

The barlv disease appears practically to ext enu inale the trees in 
any locality whiili it infests. A survey of Forest Park. Brooklyn, 
showed “that KhOOo chestnut trei^s wvw killed in the OoO acres of 
woodland in this park alone. Of this mimlier about D.OOt) wviv 
between 8 and \'2 inches in diameter, auvl (be remaining 7.000 or more 
were of larger size.’' 

In a recent publication Dr. W. A. Mim-ill estimates (be hnaiu'ial 
loss from this disease “in and about New Voi'k Oily" id “biDvei'ii 
live and ten million dollars.’' Tin' aggi'egale loss tliroiighont (be, 
whole area of country atl'ected must be luueh gn'ider. 

Tin* bark disease oeeni's on bojli elie^tiint iiiid cliiixpiapln, n'gard- 
less of ago. origin, or condition. It does not oeciii’ on any otlier 
tree so far as known. All reports of its (u'ciin'ence on the chest mit 
oak {Quercifs pr'unis) bav(‘ proved to lie iin foiiniled. It is not. yet 
known whether tlic goldenleaf cbiiujuapiu of the Ibiciile const {(Vv- 
Ufhopm chnj-sophijIJa) is subject to (his disease. 

According to Siuhvorth, the rangi'- of (lie iiativi' clieslnut is from 
-nuthern Maine to nortbwesti'rn Vi'rmoiit (M'inooski River), soutlnaai 
Ontario, and southern shores of Lain; Ontario to soiitlieasteiai Micli- 
igaii; southward to Delaware and sonllnaistio n Indiiina, and on the 
•Vllegiieny Mountains to central Ki'nlucky and 'renm'ssee. cimtriil 
Alabama, and Mississippi.'’ Tlie riinge of the ciiimiiiaiiin is from 
s'liithei'ii Pennsylvania (Adams, Voi’k. Fianklin, and (hniilKM’land 
counties) to northern Florida and eastern T(‘xas (Xeebes Kivm-).'’ 
The liark disease may, tlierefore. b(! exjiecti'd to occur at any point 
'viiliin these limits, us well as in any other localities where the ehest- 
uut is grown as an ornamental or oirliard tree. 

CAUSE AND SYMPTOMS. 

Wie disease is caused by tlic fungus Duiporlhc paruHitirn Miirriil 
known us Vniioaertria p(.ini,vtl<:(i {Murrill) Rebin). 'i lie 
'|'‘'i‘es of this fungus, brought by some means from a previously dis- 
'”>''(1 tree, enter the bark through wounds; possibly also in other 
^':iys. The leaves and green twigs are not diri'ctly ailected. iM'om 
iwint of infection the fungus grows in all directions througli tlie 
iu!it*r bark until the growth meets on the opposite side of tin? trunk 

^inib, which in this way is girdled. The wood is but little ailected. 
biiNi)s with smooth bark attacked by the fungus soon sliow dead, 
olored, sunken patclies of bark covered more or less thickly with 
yellow^, orange, or reddish-brown pustules of the fruiting fungus. 
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In damp \Yeather or in damp situations the spores are extruded in 
the form of long irregular “horns,” or strings, at first greenish to 
briglit yellow in color, becoming darker with age. Plate IV, figure o. 
shows a part of a branch of a diseased chestnut tree magnified 
diameters. In this illustration the typical appearance of the pustiih :^ 
in damp weather and the projection of the spores of the fungus in 
the form of “ horns,” or threads, are shown. These threads may Im- 
especially conspicuous near the edges of diseased areas. If the spot 
is on the trunk or a large limb with very thick bark there is no 
obvious change in the appearance of the bark itself, but the pustuI^^ 
of tlic fungus siiow in the cracks of the bark and, on account of tin* 
destruction of the layers beneath, the bark often sounds hollow when 
tapped. A patch usually grows fast enough to girdle the branch or 
trunk that it is on during the first summer. 

The damage may not be immediately apparent, since the walei' 
supply from the r(K)ls continues to pass up through the comparn 
tively uninjured wpod to the leaves, but when in the following spring 
the lle^v leaves are put out they arc usually stunted and soon wither. 
The appearance of such trees is very characteristic. Plate IV, figure 
I, sliows huge chestnut trees killed by the l)ark disease. In this illiu 
t ration the lre<*s to the left show the characteristic stunted foliage, 
which indicates that they were girdled during the previous ye;ii. 
whiki I lie tree on the right having no foliage was presumably girdle'! 
by the fungus at least two summers before the photograph rcprodui e<l 
was taken. Plate IV, figure 2, shows an orchard tree with receiiily 
girdled branches. Nothing else except an actual mechanical injury 
breaking ofi of trunk or limlj — produces such an effect as is sliow n in 
these illustrations. The imperfectly developed leaves often persi^i "H 
the dead branches throughout the summer. 

The great damage -which the disease has done thus becomes um^’ 
apparent in the last week of May or the first -week in June, gi\ in- 
rise to the false but common idea that the fungus does its work ai 
this time of the year, when in reality the harm is done during ik 
previous summer. If the first attack is on the trunk, of course ik' 
entire tree dies. If, on the other hand, the small branches are>'lir'^ 
involved, the tree may live for several years. 

It is very easy for a person not familiar wfith fungi to confu>e i'* ' 
parasite wfith various other fungi which occur commonly on the drci 
wood of che.slnuts and other trees, such as species belonging lo o^' 
genera Calocera, Cytospora, and ' Cytosporina. The superficial i'- 
semblance is sometimes very strong, but a microscopical examiiia^’"' 
instantly i!f veals the true nature of the organism in question. 
account of this common confusion no dependable diagnosis 
bark disease can be made in a ne-w locality without a inicroscopi'-‘'‘ 
examination of specimens by an expert. 
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Fig. 3, -Part of a Diseased Branch of a Chestnut Tree, Showing 
Typical Pustules AND Form of Spore Discharge in Damp Weather. 
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EESTRICTION OF SPREAD, 

HOW THE FURTHER SPREAD OF THE BARK DISEASE MAX RE LIMITED. 

By THE Inspection of Diseased Ncksekv Stock. 

It becomes more and more evident as this disease is studied that 
diseased nursery stock is the most important factor in its spread to 
distant points. In that part of the country whore it is already well 
(•^tablished in the native chestnuts its progress is rapid and suits 
but there is no evidence at present that it is able to pass to remote 
districts, tens or liuiidieds of miles away, exccjit on diseased nursery 
>tock. Of course it is conceivable that the spores are carried by 
iiirds. Such distribution would, however, fiilJnw in general the great 
lines of bird migration north and south and lienee would not be an 
important factor in the western spread, except Ineally. During the 
Mimiuor of 1008 nearly every chest nut nursery and oreliard of impoi*' 
lance in the Atlantic States north of Nortii rarolina was visited, 
and very few were found free from the liark disease. Several 
cases were observed where the disease had obviously spread from 
the nursery to adjacent wilil trees. This is the only way in which* 
die disease is likely to spread beyond the Alleghenies. 

It is therefore obvious that every State in wbicli the cliestnut or 
(liinqiiapin grows should as speedily as ])ossil)]e']m.ss a law putting 
die chestnut bark disease on the same footing as olluu’ jicrnicioiis 
diM'ases and insect pests, such as the San Jose scale, against whicli 
‘inai'antine measures are taken. Tlie Department of Agi'imiliure, 
^vill be glad to give detailed suggestions or advice regal'd ing the 
liaiiiing of such laws. Inspectors Avho already have legal power to 
‘laarantine against this disease should now take special care ihat 
-liipment of chestnut stock escapes tlieir rigid insjH'clion. 

A campaign of education should also he undertaken by patliolo- 
iri-ts jiiid inspectors in every State in order to acquaint the iiublic 
'■ilh the nature and appearance of the bark (Iisca>T, so lliat it may 
hf quickly recognized and stamped out in any parliciilar localily in 
^'diaji it appears. The Department of Agriculture will cooperate in 
die following ways; Specimens from suspected trees sent in iiy any 
!'‘ !'on will be promptly examined and the presence or absence of 
d‘<‘ disease reported. Typical specimens sliowing the disease (with 
di" fungus prCA'iously killed by soaking in formalin to insure against 
‘‘'ly infection from this source) )vill he sent upon application to 
■^'“y inspector, forester, pathologist, or other State or expiTimont sta- 
'I'iii officer, to any nurseryman or orchardist growing chestnuts, 
lo any botanist or teacher of botany. So far as the sujiply per- 
»;!ts lantern slides and photographs will, upon application, be loaned 
special lectures, exhibits, etc., to the officers of States, experiment 
ill—V 
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stations, or (‘ollej^es. By thfso means the inspectors first, and then 
th<^ ^n'ueral public, may become familiar with the appearance ami 
work of the disease in localities that it has not yet reached, and when 
it does appear may he able to recognize it before it is too late to taki* 
eflicient measures against it. 

Alt hough its ])reseiit distriiiution is that shown by the map (fig. I ). 
the, hark <Usease may be confidently looked for in any orchard or 
nursery in the United Stall's that coiitains chestnut trees. All sn<‘h 
plaei's slmuld therefore be rigidly ins])ected at the earliest possible 
dati'. 

Itv TIIK PkOMTT 1 IKSTRCCTION OF PlSF.AKP.D TRKF.R. 

When the hark diK'ase is first noticed in any locality, all the 
a fleeted (roes slioiild hv immediately cut down, uidoss, as in the case 
of oi’chai'd and some few ornamental trees, they arc of sufficient in- 
dividual value to wari’ant special treatment. Diseased trees if mi- 
ti’ealed arc doonunl to death in any case. If permitted to stand, 
evei'y such tree l)ecomes a center of infection, I'ertain to S])read th* 
disease to all neighboring trees, and so long as it will soon die if left 
to itself the sooner it is cut down the belter. 

Wdieii cut, the hriisli should lie immediately gathered and hiinici! 
in order to di'stroy the fungus in the bai’k. AVhenever the bark i' 
removed from the trunk, as, for exam\)le, when the trees are to be um'«] 
for poles, it should he imuu'iliately hurned with the brush. Kven 
when the tree is to be used for firewood an effort should be madi' n* 
cut off at least all the diseased ])atches of hark on the trunk an'i 
large limbs when the tree is cut and to burn this hark along with lie* 
luaisli; otherwise the brush and the piled wood will continue m 
spread infection, since it has been foimd that tlie fungus contimi' ' 
alive on dead hark for at least six months after cutting. 

S])routs arising from the slumps of cut trees will l)e free from li; - 
disease for the first year at least, hut must then be carefully inspeci"! 
to be sure that no infection has persisted. 

Ttv TUK Tkkatmknt of DisI'Asfu Treks. 

During tlio past two years the Office of Investigations in Fom-' 
Pathology has been conducting certain experiments and collect Ji:: 
infonuatioii in regard to the best methods of treating diseased ti' '• 

At present it is impossible definitely to record general belief’ 
results from any of the sprayings which have been undertaken or h oe 
been under observation. This may in part be due to the fact that i o 
yet too early to judge satisfactorily all the results and in part. i et- 
haps, to the infrequency of sprayings. 
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O))sorvations iin<] oxj)(‘i“inuMi<s to Immi- onl the statoiiiont that 
it is very iniproi)ab]c‘ that any jnothod of sprayin^^ can ini erf civ witli 
the growth of the fungus if it has once estahlishcd itself in the inner 
bark, but it may be of considerable iniportaiav in preventing tlie 
d<*veIo])inent of spores whicli come from other trees or from other 
parts of tlic same tiw. 

It has already been demons! rated that the crolclies of brandies 
and enlarged ba "‘s of sprouts aiv verr si[se(“[)til)l(‘ to infection Ixaviise 
they are favorable places for the Indgnumt of watei-, dust, spoies, etc. 
In a large majority of eases int’ei’llons a]'(‘ d(‘lliiitely known to have 
oi'iginated at a point where lie' ouftn* bai-k had liei'ii injiirc'd in some 
way, leaving (he inner living bark exposiMl, or wlauv (Ik* entire bark 
nver a nior(“ oi' hvs limited iii’ca liad lieeri stripped fi'oiii tin* Ir'ci* or 
cracked and split away from tin* wood. Certain injuries wliieh are 
known to liavt* iifi'orded enliafH'i* for* the dis<‘as(‘ have in'cn of stieh a 
nature that they niiglit <*asily In* overlooked, wliile olliei's Irave b(‘en 
quite obvious, to tin* eai’ek'ss <)l)s<*rvrr*. Among (lu* latter* may 
Ik* ni(*ntioried bi'okeri limbs, splil limbs, briiiiciies wiiii'b have be(“n 
•‘:in*fully ent Imt not pr’t)per*ly ti*e!ijed wllli bn* or paint. Iu*iiises from 
lianres, plovs, and c[iltivatoi*s: aho [loor gi'alts and rliseased grafting 
''(•ions. Among flu* for*nH*i* may be inelmh'd iu'iiises from lioot h(*elsj 
(‘limbing spin*s, holi'S nuuh* by bor(‘i*s and other.* insects, knitV and saw 
(‘(its, and frost cr*acks. 

Almost tin* orrly treatment tliat can at presiurt be .safely r*(‘(*orn- 
rtieiided as '';tit*(‘]y retardiirg tin* spi*(‘;id of Dm* disease to a gi'iaiter or 
less extent is one which will n(‘V(*i* In* of |)r*aeti('al Msee.\e(*pt inll!(‘case 
i'f orchard ti*(‘(‘s or (-(‘rtain vahiabh' ornmiKuilal ti'ees. It. consists 
cs'^entially in cutting out tie* iuf('cte(l !)[';iiiclies or ai'eas of bark and 
'■arefiilly prot(*ctiiig the cut surfaces from outside iidVction by means 
'd‘ a coat of jiaint or* tar. 1'his cutting must bi* tlmrouglily doiu* and 
die iiark of every infected plae<> entir(‘ly n'ltiovi'd for a di^tanci* of at 
kast. an inch {whei*e the sizi* of t!i(' branch [lermifs) beyond tin* 

' liai*aeiei'isti(*, r>fteii fan-shaped, discolorrsl arvas pi‘oduce(l l)y (lie 
^i'dwing fungus in tin* inni'r bark. .Vll small itifect(*d twigs or 
I'l aiiclie.s slioiild be cut fi‘om tin* tr*(‘(*, the cirt being made W(‘ll back 
die diseased area. A pruning knife witli an inciirv<*d tip, a hollow 
.-"uge, or any other clean-(*ulting instrumeriL will sei’\'e for eiittiiig 
diseased spots. So far as the exigencies of tlie easi* will ]X‘t'mil, 
'•li borers' lioles sliould lie cut out. It has been rejieafedly observed 
die field that infection often starts where borers are at work, or 
at the old holes made by them. The jiaint or tar may b(* applieil 
'h means of a good-sized bnisli, care being taken to cover every part 
^'l die cutting. Treatment should begirt, or* obsei'vations at h*ast. at 
•k.' base of the tree and the fact ascertained whether the disease lias 
in— T 
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almuly frirdlod the trunk. If such is the case it will be a waste of 
time to att(‘rni)t niiy treatment ; instead, cut the tree down at once. A 
rigid w a tell must be kept, especially during the growing season, for 
new infections or infections which were overlooked in the earlier ex- 
aminations, and if any are obsei’ved they must be treated promptly, as 
above mentioned. Constant vigilance is necessary to keep the disease 
ill ('heck. It is suggested that exaniinations be made about June 1. 
July 15, and September 1. During a very rainy or foggy season, 
when conditions are particularly favorable for the growth of fungi, 
it may 1)(> advisable to inspect as often as once a month. 

In ipgioiis in whicli the disease is so widespread that almost every 
tree is infected, as, for instance, within 25 miles of the city of New 
York, it is extremely doubtful whether any individual treatTnent will 
[)ay. Under such conditions immediate reinfection is almost sure to 
occur at one or more of the small unnotieed abrasions or injuries 
which are {juite (‘ertain to exist on most trees. In a region, howevtu'. 
wher(‘, only isolated cases have yet appeared it is (juite possible lo 
stamp out the diseiise, or at least to prevent its rapid spread, hy 
promptly cutting out and carefully burning all diseased bark aiul 
limbs, thus destroying these new sou revs of infection. If a tree is 
too badly inf{M‘ted to be worth treating it should not be left standing. 
foi‘ it will then become’, a continual menace to all surrounding clast - 
nuts. 

The Oftice of Investigations in Forest raihology asks the coo]) 0 i'- 
ation of all persons who have observed the disease or experiinente<l 
with it in any way. If such people will send in an early report of liif 
kind of treatment used, time of treatment, methods employed, aiul 
results obtained (even if adverse), it may be possible to arrive at an 
earlier and more definite conclusion in regard to the possibilities or 
impossibilities of control than would otherwise be the case. 

CONCLUSIONS. 

It is to be hoped that in the economy of nature some limiting fac- 
tor will arise to eheck the spread of the bark disease before it 
wrought tlie same destruction throughout the country that it alreiU.' 
has in the vicinity of New York. But at present there is nothing m 
sight that promises even remotely to check its spread into new tci- 
ritorv exce})t the general adoption of the measures advocated in mc'C 
pages. It can not be argued that because of its apparently ren nt 
origin and rajiid spread it will s<3on disappear of itself. Such 
eases as pear-blight and peach yellows have been in tlie counU’c 
more than a century and yet show no sign of abating except wlicn 
actively combated by modern (juarantine methods. Nor can rM} 
conclusions be drawn from the fact that chestnuts in the Soiniiciii 
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States have suffeml from a disease diirin^^ tlu; past twenty years, 
since, as already stated, that is a totally dilfereiiL tinner from the 
bark disease. 

Where the bark disease is already firmly established and Inis at- 
tacked 50 per cent or more of the chest niit trees, as in (he vicinity of 
the city of New York, it is ])rohal)ly too late to try to do anytliin^j^, 
hut where the disease is just appearing t lie re is no reason to doiiht 
that strict quarantine methods will apply as well to this as to any 
other disease, whether of plants or animals. The tpiestioii ti> settle is 
simply which is more costly — to use the methods recommended or to 
lose the trees. The people concerned must decide. 
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